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1.0 Introductlon

Under _the authority of the Comprehensuve Envnronmental Respohse
Compensatlon and Liability Act (“CERCLA"), as amended, 42 United States
Code (“U.S.C.") §§ 9601 to 9675, the New Mexico Environment Department
(“NMED") Superfund Oversight Section (“SOS”) has conducted a Preliminary Site
Assessment (“PA”) of the San Mateo Creek basin legacy uranium mine and
millsites (Site), which is located in Cibola and McKinley counties, New Mexico

- (CERCLIS ID NMNO00060684; Figure 1).

The objective of the PA is to evaluate the Site using the Hazard Ranking System
(Ref. 1) and the Superfund Chemical Data Matrix (Ref. 2) to determine if a threat
to human health and the environment exists such that further action under
CERCLA is warranted.

2.0 Site information

2.1 Location and description

The San Mateo Creek basin (Hydrologic Unit Code [*HUC"] 1302020703), by
which the boundary of the Site is defined, comprises approximately 321 square
miles within the Rio San Jose drainage basin (Ref. 3, 4) in McKinley and Cibola
counties, New Mexico (Ref. 5; see Figure 1). This basin is located within the
Grants Mineral Belt (“GMB”), which is an area of uranium - mineralization
occurrence approximately 100 miles long and 25 miles wide encompassing
portions of McKinley, Cibola, Sandoval and Bernalillo counties (Ref. 6, p. 8), and
includes the Ambrosia Lake mining district (Ref. 6, p. 17). Main access into the
Site is provided by New Mexico State Roads 605 and 509.

The 85 legacy uranium mines with recorded production-and:4.legacy uranium
millsiteés comprising the Site (Ref. 7) may have:contributed to degradation of
ground: ‘water quality within this basin. Some background ground water
contaminant concentrations associated with remediation” of :the Homestake
Mining ‘Company (“HMC”) Superfund Site (‘HMC Site;” NMDOO7860935 Ref. 8)
exceed Federal (Ref. 9 and 10) and State (Ref. 11) drinking water standards.
Additionally, ground water quality data collected by HMC from some monitor
wells that are completed in the San Andres aquifer (Ref. 12, p. 8.0-4; Ref. 13;
Ref. 14) show increasing uranium concentrations, some exceeding Federal and
State drinking water standards. These uranium concentrations are unlikely to be
attributable to contamination from the HMC site because recharge to eastward-
flowing ground water in the San Andres aquifer is west of the HMC site; vertical
hydrologic communication to overlying aquifers impacted by contamination from
the HMC site is limited (Ref. 12, p. 8.0-1).

2.2 | Geologic setting

The southern end of the San Mateo Alluvial system has been impacted by
contamination from the HMC Site. This alluvial system extends from the
northeast to the south of the HMC site, following the San Mateo Creek drainage
(Ref. 15, p. 2-1). Underlying the Alluvial aquifer in this vicinity is the Upper
Triassic (Ref. 6, p. 12) Chinle Formation, which is a predominantly shale
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- .-formation--800 feet in _thickness. Three aquifer units are present within this: -

formationin the southern part of the basin. The highest 2 aquifers are the Upper
and Middle Chinle sandstones. The lowest aquifer, the Lower Chinle, is a
- fractured -shale with variable hydrologic yield of generally poor quality water. All
three of these aquifers subcrop with the Alluvial aquifer, connecting the Alluvial
aquifer 'and each -of the Chinle aquifers hydrologically in the vicinity of the
Homestake. site.. .The San Andres regional aquifer underlies the Chinle
Formation in this area (Ref. 15, p. 2-1—2-2).

Most uranium .production in New Mexico has come from the Upper Jurassic
Westwater Canyon member of the Morrison Formation in McKinley and Cibola
counties (Ref. 6, p. 9; Ref. 16, p. 1, 6). This unit consists of interbedded fluvial
arkosic sandstone, claystone, and mudstone with an average thickness of 250
feet, thinning to 100 feet southward and eastward, and is a major aquifer within
the GMB (Ref. 6, p. 9). Three types of uranium deposits that are found in the
Westwater Canyon member are primary (trend or tabular; average ore grade
greater than. 0.20% U30g), redistributed (stack; average grade 0.16% U3z0Og), and
remnant-primary (average grade 0.20% UsOs; Ref. 16, p. 6, 8). The overlying
Brushy Basin member of the Westwater Canyon member includes the Poison
Canyon Sandstone, from which uranium also has been mined (Ref. 6, p. 9, 13).

Additionally uranium deposits were discovered at Haystack Butte in 1950 within
the Upper Jurassic Todilto Limestone, which occurs within the San Raphael
Group underlying the Morrison Formation (Ref. 6, p. 12, 13; Ref. 16, p. 4); these
accounted for approximately 2% of production from the “Grants uranium district”
between 1950 and 1981 (Ref. 16, p. 11). More than 100 uranium mines and
occurrences in the Todilto Limestone are documented in New Mexico,. with
productlon reported from 42 of these mlnes—mostly located within the “Grants
uranlum dlstrlct :(Ref 16 p 12) " S e . :

Thm;zones of minor uranium mmerahzatlon have- been‘produced from shaIe and ‘

lighit¢ within the Lower Cretaceous Dakota "Sandstone, which overlies the
Morrison Formation (Ref. 6, p. 13; Ref. 16, p.- 12).Uraniferous collapse-breccia
pipe ‘deposits, which are vertical or steeply-dipping cylindrical features bounded
by ring fractures and faults filled with heterogeneous brecciated “country” rock,
also are found in the Grants area (Ref. 16, p. 12).

Quaternary-age unconsolidated to semi-consolidated alluvial, eolian, and terrace
deposits overlie bedrock in valley bottoms; these deposits are generally less than
200 feet in thickness (Ref. 6, p. 13).

2.3 Demographics
Average household size within McKinley County is 3.44 people (Ref. 17);

average population density is 13 people/square mile (Ref. 18, p. 1). Within .

Cibola County, the average household size is 2.95 people (Ref. 19, p. 1); the
average population density in Cibola County is 6 persons/square mile (Ref. 18, p.
2).
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The: communlty of San Mateo, WhICh is.located Wlthln_ the San“_Mateo Creek
basir; has a mun|C|paI water supply tha_t___serves 192 resi
No demographlc data for the communlty of Haystack were found

The communities of Grants, Mllan,and Bluewater are Iocated_Just outside of the
boundaries of the proposed. Site...In 2000, Grants had. a. population of 8,806
people with average household size of 2.61 people (Ref. 21). Milan in 2000 had
a population of 1,891 with an average household size of 2.81 people (Ref. 22)
No population data were found for Bluewater.

2. 4 Climate

The average annual maximum temperature at the Grants Alrport is 67.8° F; the
highest maximum temperature of 88.4° F occurs in July. The average annual
minimum temperature is 33.0° F; the lowest minimum temperature of 14.4° F
occurs in December. The average annual total precipitation is 10.40 inches (in.).
The maximum average precipitation of 2.03 in. occurs in August; the minimum
average precipitation of 0.44 in. occurs in February. Average annual snowfall is
12.3 in., with the maximum snowfall of4 1 |n occurring in December (Ref. 23).

The average annual maximum temperature at the weather stat|on in San Mateo
New Mexico is 61.7° F; the highest maximum temperature of 83.1° F occurs in
July. The average annual minimum temperature is 34.6° F; the lowest minimum
temperature of 16.0° F occurs in January. The average annual total precipitation
is'8.j66 in. The maximum average. precipitation of 2.11 in. .occurs-in-August; the
minimum average precup|tation of 0.28 in. occurs in February and December.
Average annual snowfall is 9.7 in., with the maX|mum snowfall of 3.1 in. occurring
in December (Ref. 24) : ~

-z The prevalhng wind: dlrectlon (| e., the direction from which the wnnd blows) atthe - .-

Grants airport is- northwesterly (Ref 25 p. 10); however thlS may not be ent|rely
representatlve of wm‘ :;:d;lrectl _;.:Wlthln the. San Mateo Creek basm (Ref 26).

At a monitoring - Iocatlon W|th|n Bluewater.. Creek (elevatlon 7624 feet), the
prevailing wind dlrectlon was west southwesterly dunng 2007, at an average
speed of 9.0 miles per hour (mph) (Ref. 27, p. 2). At a nearby monitoring

location on Bluewater Ridge, the prevailing wind direction is south-southwesterly

at an average speed of 4.3 mph (Ref. 28, p. 2).

2.5 Operational history and ownership

Land ownership within the area is a complex of Indian, Federal State, and
private (Ref. 29; see Flgure 3).

‘Uranium ore was discovered in the Todilto Limestone at Haystack Butte in 1950,
and production began prior to mill construction in the area by open-pit mining.
Uranium was discovered at Ambrosia Lake in 1955 (Ref. 16, p.-4). Downdip
drilling from the initial surface discoveries delineated ore bodies within the Poison
Canyon and Westwater Canyon members of the Morrison Formation. The
discovery of large subsurface uranium deposits within the Westwater Canyon
member resulted in establishment of two-thirds of the active uranium mines in
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New Mexico within the: Ambrosia L:ake- dtstnct by-1980; most.of-these mines were
underground room-and- p:llar operat|ons at depths averagmg» G feet (Ref. 6,p.
17). R -

- The Anaconda Copper Company built the Bluewater mill‘in 1953 to process ore
' from the Jackpile mine (Ref.-16;"p:'5;-Ref.~30;-p.-1). “This'mill used a carbonate-
leach process with a capacity of 300 tons per day and operated until 1959. An
acid-leach mill was operated from 1957 through 1982, reaching a production
capacity of 6,000 tons per day in 1978 (Ref. 30, p. 1). ARCO Coal Company
reclaimed the site between 1991 and 1995 for long-term DOE stewardship under
the Legacy Management program (Ref. 16, p. 5; Ref. 30, p. 1-2)." -

Two mills were built in 1957 at the present Homestake millsite. The first closed
in 1962. Homestake originally owned the second larger mill in a partnership;
when that partnership was dissolved in 1981, Homestake became the sole
owner. Mill production ceased in 1981, but resumed in 1988 to process ore from
the Section 23 mine and Chevron’s Mount Taylor mine. The:mill-was demolished
in 1990 (Ref. 16, p. 5), and the site ground water restoration is ongoing (Ref. 12).
In 2001, Homestake has merged with Barrick Gold Corporation’(Ref. 16, p. 5).

Kermac Nuclear Fuels Corp.,” which was a partnership of ‘Kerr-McGee Oil
Industries, Inc., Anderson Development Corp., and Pacific Uranium Mines Co.,
built the Kerr-McGee uranium mill at Ambrosia Lake in 1957-58. Quivira Mining
Co., a subsidiary of Kerr-MeGee- Corp:-(later-Rio-Algom-Mining -L.LC, currently
- BHP-Billiton) became the operator of the mill in 1983. Operation began in 1958;
from 1985 through 2002 the mill produced only from mine waters from the
Ambrosia-Lake underground mines. (Ref. 16, p. 5). The tailing impoundment at

Ref31).

' Phl"lpS Petroleum-‘:fCo:- Giltzazmill-at: Ambi'OSIa' Lake:in"1957:58:7and began to-
“process ore from the Ann:Lee; Sandstone, and Cliffsidemines.in~1958. - United
" Nuclear Corporation:acquired:the -property-in 1963 -when’therill’closed (Ref. 16, .
p. 5). United Nuclear Corporation operated an ion exchange-system to extract
uranium from-mine water in‘the Iate 19703 to early 1980s. - All operatlons ended
- in 1982 (Ref. 32, p. 1).

2.6 Regulatory history

Some mines are inventoried by the New Mexico Bureau of Geology and Mineral
Resources, the Navajo Nation Abandoned Uranium Mine (AUM) program, and/or
the U.S. Bureau of Land Management; some minesites also have been
reclaimed under Federal or State jurisdiction (Ref. 7; see Table 1).

In 1978, the U.S. Environmental Protection Agency (EPA) proposed to regulate
minewater discharge under the NPDES permit program. The permit for the Kerr-
McGee Section 35 and 36 mines was terminated when Kerr-McGee undertook
- controlled spreading and irrigation with mine dewatering effluent. Kerr-McGee
obtained a State ground water discharge permit for IX ion exchange (“IX")
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L faC|I|t|es assoaated with the Section 35 and 36 mines |n 1979 1980 thIS permlt o
“eurrel in-stand-by status (Ref. 33, p. 2). R T RELUIL

The Bluewater Mill site was remediated by the Atlantlc Rlchﬂeld Company
(“ARCO”) under the U.S. Nuclear Regulatory Commission (*NRC") operational

. license, .and-was subsequently transferred to DOE custody and long-term.care in .
1997 (Ref. 34) under the jurisdiction of Title Il of the Uranium Mill Tailings
'Radiation Control Act (“UMTRCA;” Ref. 30, p. 1). Prior to this transfer, the NRC
amended the operational license to include alternate concentration limits
(“ACLs") for the Alluvial and San Andres aquifers, which were impacted by the
site, at-established point of compliance wells (Ref. 30, p. 2; Ref. 35, p. 1, 3, and
4; see Table 2).

Homestake Mining Company is currently remediating the Homestake uranium
millsite under the regulation of NRC license SUA-1471-and NMED discharge
permit DP-200 (Ref. 12, p. 1.1-1). This site also is on the National Priorities List
(“NPL”) as well (CERCLIS ID NMDO007860935; Ref. 36, p. 17).

The site .statuvs of the Ambrosia Lake/Rio Algom mill was changed to reclamation s
in August 2003. NRC issued a license amendment-for ACLs in February 2006, LTI
after which all ground water corrective actions were discontinued (Ref. 31). S s

m The DOE remediated the Ambrosia Lake/Phillips mill site between 1987 and

e 1995 as part-of.the 1978 UMTRCA Title | program,. and. currently monitors the
site as part of the Legacy Management program (Ref. 16, p. 5; Ref. 32, p. 1-2;
Ref. 37).

2.7 Previous environmental investigation

- Numerous.-environmental - investigations: associated .with: remediation .of the 4

_ A - ‘millsites ‘within:the-Site have been conducted-under:thezregulatory -authority of -«

=il -~ theNRCi:documents from these investigations-are: not:-detailed. herein; but are - :
S available - - through the ADAMS -~ website interface

(http //adamswebsearch nrc. gov/scrlpts/securelogln pI) =5 L w e

The New Mexnco Health and Environment Department” (“EID”) documented a
study of the uranium mining impacts on surface and ground water within the
Grants mineral belt (Ref. 6).

The New Mexico Energy, Mineral and Natural Resources Department
("“NMEMNRD”) has compiled a database of uranium legacy mine and mill site
information from multiple sources (Ref. 7), which forms the basis of this
investigation. The locations of the mines with reported production and mills from
this database are shown on Figure 1 and on Table 1. Other minesites without
reported production in this database are not addressed herein.

" NMED sent letters to the Rio Algom Mining Company in 2005 and 2006,
~ requiring compliance with 20.6.2.1203 NMAC for reporting soil contamination
related to mine dewatering activities for the Section 35 and 36 mines (Ref. 33, p.

1.
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mvestlgated under CERCLA are summanzed in Table 3

* The U.S. Forest Service has proposed CERCLA |nvest|gat|on of the San Mateo .. 7 .
~-mine=in 2008 (Ref. 38, p. 21). - _ - e e

-3.0_ Site investigation

3. 1' Source/waste characteristics

Both surface and underground mining methods contributed waste to natural
surface drainage systems. Liquid wastes were almost exclusively derived from
underground operations, while both operational - methods contributed solid
wastes. Underground mines generally produce less waste rock than surface
‘mines, but contaminant concentrations can be higher (Ref. 6, p. 19). Mine waste
- -piles may include barren overburden, low-grade ore (i.e., below economic value), :
. »and/or ore stockpiled for later milling (Ref. 6, p. 54). The spoils areas in which - - -
. this waste rock is stored usually were not bermed to control runoff (Ref. 6, p. 19). -~ . .. .
—EID sampled mine wastes from minesites within the Site 'to:test contaminant -~ ' =e - -
“leachability (Ref. 6, p. 34-35). Leaching testing from 37 composite samples of -
-uranium mine waste that were designed to simulate the ‘leaching effects of
natural rainfall both before and after contacting alkaline rich soils indicated that
contaminants have a relatively low potential for leaching or for S|gnn‘" cantly
e -degradlng ground water quality (Ref. 6, p. 57) -« e ot

A 1985 survey of 14 uranium mines Iocated within the GMB Wthh mcludes
individual minesites located within the proposed Site, on Federally-owned -
surface and mineral lands showed gamma radiation levels between 6 and 888 . =i =~ -
-« .Mnicrorgentgens per-hour, with.the. hlghest readlngptaken from -mine waste and ..
"openmgs (Ref 39; p 2-4; see Table 1) LU

Sampllng results of waste rock matenals from the: Poison: Canyon M|n|ng DIStI’ICt :

«.mmargssummarized in-Table 4. Nearly all contammantr«concentratlons in the.waste - .=

. .-materials are higher than in the background samples by one to two orders of
magnltude (Ref. 40). . ~

Waste material from the Navajo-Brown Vandever uranium mine
(NMD986669117; see Table 3) was used to pave the road to this site, and
approximately 75 people were identified to live with one-quarter mile of the site in
1990 (Ref. 41). , .

EID investigators concluded that 10 to 20 percent of all abandoned mines in the
GMB had waste piles that are directly eroding into local drainage channels (Ref.
6, p. 55). EID collected runoff samples from several sites to assess contaminant
input from mine waste piles within the Ambrosia Lake mining district (Ref. 6, p.
54); observations from this program indicated that runoff contaminant
concentrations exceeded natural concentrations by up to several hundred times.
Samples collected within the Ambrosia Lake mining district indicated that
uranium and molybdenum maxima concentrations in waste pile runoff exceed

TN
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0' .. natural runoff concentrations. by over 2-0__ ers. of magnitude. Maximum arsenic, e e 1

- selenium;: " and “vanadium concentratiofistexcéed maximum natural runoff . .. s
concentratlons by 6 to 8 times (Ref. 6, Pp. 54- -55). Runoff sampling in the vncmnty
of a large:waste pile associated with the Old San Mateo mine showed elevated
levels of gross alpha and gross beta particle activities, radiumazs, natural
uranium, -arsenic; lead, molybdenum, selenium; and vanadium, in comparison to
natural sediments, to persist at least 550 meters downstream from the waste pile
(Ref. 6, p. 57) -

Water produced from mine dewatering and aquifer depressuring operations was
discharged to settling ponds and drainage channels (Ref. 6, p. 20-21). Mine
water production within the Ambrosia Lake mining district was continuous after
1956, with peak production in the early 1960s (Ref. 6, p. 66). During the period
1979-1981, mine discharges of 1,500 gallons per minute (“gpm”) to San Mateo
" Creek sustained approximately- 3 miles of perennial flow; 2,300 gpm discharge to
Arroyo del Puerto sustained perennial flow of approximately 5 miles (Ref. 6, p.
66, 68). In 1977, approximately 2,900 gpm-were being discharged to San Mateo
Creek from mine dewatering; by spring of 1978, most of this water was diverted
- for irrigation‘and to an adjacent drainage basin (Ref. 6, p. 72).

Minewaters generally contain higher concentrations of sodium and sulfaté than

natural runoff (Ref. 6, p. 84). Raw minewaters from the GMB had elevated

" - concentrations of gross alpha and beta particle activities, radiuma,zs, leadzqo,
natural uranium,- molybdenum, selenium, and -dissolved solids—particularly ot amre

- sulfate; elevated concentrations barium, arsenic, and. vanadium also were

observed (Ref. 6, p. 80). Total dissolved solid (“TDS”) concentrations in

minewaters from the western part of the Ambrosia Lake mining district were

1,200 to 1,800 milligrams per liter (“mg/l”). Minewater in eastern part of the
=zAmbrosia-lake: m|n|ng dlstnct usually had ‘a.few. hundred mg/I TDS AR

»-:-'!Z' X, ) e .”’"'

.':'%For.comphance: AWIth federal Natlonal Pollutant Dlscharge Ellmlnatlon System~
(NPDES) permits, produced waters were-treated with the additions of a flocculent
* “."and#barium:-chloride - to reduce . suspended=solid concentrations and to ‘co-"
precipitate radium (Ref. 6, p. 20-21). Effluent discharged to San Mateo Creek
contained 300 to- 600 mg/l TDS. Out-of 9 trace elements for which treated -
minewaters were analyzed, molybdenum, selenium, and uranium concentrations
were consistently higher than in natural runoff. Median total uranium
concentration in mine effluents from the Ambrosia Lake mining district was 1.6
mg/l, which was over 16 times greater than the corresponding median
concentration in natural runoff. Median total molybdenum concentration in
minewater from the Ambrosia Lake mining district was 0.80 mg/l, which
compares to the few samples of natural runoff in which total molybdenum
concentration exceeded 0.01 mg/l. Total median selenium concentrations in
treated minewater generally are less than 0.04 to 0.09 mg/l; however some
" treated effluents within the district approach 1.0 mg/l. Median total selenium
: concentration in natural runoff within the Ambrosia Lake mining district is 0.03
mg/l. Arsenic, vanadium, and barium, the latter of which is added in the
treatment process, are occasionally detected in significant concentrations in
minewaters; cadmium, lead, and =zinc are usually below detectable

~ Page 9 of 53
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e concentratlons (Ref -6; p:-87): -“Median-total barium concentration was 0.212 mg/l.......

"’-‘i-.-m:t'éRef '6;"pi#88) " EléVated concantrations. of arsenic and vanadium in treated.. s
-effluent (0.05 and 0.17 mg/l respectively) were only observed in association with .~~~
“the Homestake' ion exchange facrllty, which was located within the Ambrosia "~ -~ -,
Lake area (Ref 6 p 87 97) T : -

Wrth the exceptlon of natural uranium, total concentratrons of radionuclides in
treated minewaters are less than those in natural runoff. Most mines discharged
minewaters with total concentrations of radiumazs of 6 picocuries per liter (“pCi/L")
or less; about 30 percent of this may-have been in the dissolved form. However,
--EID collected effluent samples:with total radiumgzs concentrations up to 200
pCi/L; these higher concentrations were attributed to the existence of “upset”
conditions in the treatment process. Neither thorium isotopes nor radiumazs were
generally present in detectable concentrations. Total leadz1p concentrations up
..to 33 pCi/L and total polonium;o. concentrations up to 15 pCi/L were detected
from treated minewaters; higher concentrations—up to several hundred pCi/L—
-~ may have occurred durlng perlods of ineffective minewater treatment (Ref. 6, p.
go) ‘ . o

Generally treated minewaters contamed trace elements and radlonuchdes in -
“dissolved form; typically, these dissolved contaminant concentrations comprised
more than 50% of the total. More than 85% of the total concentration of gross
" alpha activity, molybdenum, selenium and natural uranium occurred in. the
- :-dissolved-fraction, while radiumys concentrations averaged about 30% of-the
- total (Ref.- 6, p. 87). With the exception of natural uranium, radionuclide
- concentrations in minewaters in the dissolved phase were higher in comparison
to concentrations in natural runoff (Ref. 6, p. 90). Dissolved gross alpha levels
“;were several hundred to over:1,000 pCi/L-in-dewatering effluents (Ref. 6, p. 90).
-Only:radiumazsrand leadzip-amongitrace elementsrand radionuclides identified: to::
aveihad' elevated- concentrations~in:effluent, underwent significant ‘partitioning =
hangésibetween dissolved and'suspended phases with-distance-traveled; these -
‘eonstituents were usually became bound to precipitates and sediments and were.
stafrom«solution- shortly after:release::; Once precipitated or bound-to -stream
ediments; minewater contaminants-could be moved downstream during natural =z
vor -artificially-induced flow events. (Ref. 6, p. 90, 92). Within relatively sediment-
free stream channels, these contaminants would stay in solution; dissolved
radiumayzs concentrations along the Arroyo del Puerto ranged between 3 and 6
pCi/L. Dissolved radium,zs concentrations also were attenuated by the alkaline
and oxidizing conditions that are found in the GMB (Ref. 6, p. 109).
Concentrations of uranium, molybdenum, and major dissolved solids generally
were not rapidly attenuated in the receiving stream channels (Ref. 6, p. 92).

l

Mechanisms that were inferred to reduce contaminant: concentrations most
effectively in alluvial ground water impacted by minewater effluents include
dilution, surface adsorption, cation exchange, precipitation, hydrodynamic
dispersion, and molecular diffusion. (

Sludges in treatment ponds that are created from settling, flocculation, and
precipitation have elevated concentrations of radiumas and other radionuclides,
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with .concentrations of the . former,, exceeding...200. .pCi/gram..(Ref...6,..p. .
" Separate ion-exchange treatment: reduced -levated: 6orcentrationszofidissol
uranium (Ref. 6, p. 20-21). Although treatment reduced concentrations of
radiumaos, leadzqo, poloniumayg, natural uranium, and-gross alpha actlvrty other
. constituent concentrations were not affected (Ref 6,p.: 80)

B P . C e e eeprme cgasy

3.2 Ground water pathway

The ground water pathway assesses the threat to human health and the
environment by determining whether hazardous substances are likely to have
been released to ground water; and whether any receptors are Irkely to be
exposed to hazardous substances as a result of a release.

3.2.1 " Hydrogeology

Alluvial aquifers along San Mateo Creek generally yield less than 50 gpm where
water occurs from a few feet to 100 feet below the surface (Ref. 6, p. 14).
Available data indicate the presence of little alluvial ground water along the
Arroyo del Puerto under pre-mining conditions (Ref. 6, p. 95). Near Ambrosia
Lake, the Alluvial aquifer presently yields less than:150 gallons per day, and is
~ expected to return to pre-mining/pre-milling conditions of little to no” saturation
(Ref. 32, p. 2). Alluvial ground water flows generally correspond to the slope of
. the land along San Mateo Creek (Ref. 6, p. 14). Depths to ground water in 1981
along San Mateo Creek were generally near 60 feet near its intersection with the
tributary Arroyo del Puerto. Along the latter watercourse, 1981 depths to water
were approximately 24 feet (Ref:*6; p:=16).= Measurements conducted -near-the
San Mateo Creek gaging station in 1980 showed little effect on alluvial ground
water levels from intense summer thunderstorms, but did demonstrate a
hydraullc response to Iate wrnter and sprlng stream ﬂow (Ref. 6 p. 74)

o fBedrock aqurfers are recharged where streamﬂows or- minewater: discharge ~

',f“lntersect bedrock subcrops arid outcrops (Ref. 6, p. 13, 77). ‘Additional bedrock * Lo e
" aquifer recharge occurs Where" sattrated: valley fill"6verlie” permeable ‘bedrock

with a downward hydraulic “gradient {(R&f.”6;"p. 77). ~Mine dewatering has
-decreased aquifer water levels significantlyi‘éspecially-in“the: Morrison*Formation -
(Ref. B, p. 13). The Westwater ‘Canyon member of the Morrison Formation'is a
principal bedrock aquifer in the area, yielding up to several hundred gpm (Ref. 6,
p. 13). Mine dewatering drained virtually all of this formation and altered its flow
system. Prior to dewatering, ground water generally flowed to the northeast and
east in the direction of the dip of the strata (Ref. 42, p. 3). Other reliable aquifers
include the Dakota Sandstone, the Glorieta Sandstone, and the San Andres
Limestone. '

3.2.2 Ground water use

Ground water uses in the area include domestic, limited agricultural, and
livestock watering, with the latter primarily derived from alluvial wells (Ref. 6, p.
14). Within the boundaries of the proposed Site, drinking water systems for the
community of San Mateo (Water system no. NM3525733; Ref. 20), Tri-State
Generating Station (Water system no. NM3595017; Ref. 43), ARCO (Anaconda)
Coal Company—Bluewater Mill (Water system no. NM3591033; Ref. 44), and
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The water supply system for the: community of San Mateo has=2-wells, of which
only one is currently active. The system serves 192 people. throu'gh‘61 service

connections (Ref. 20, p. 1) The supply-wells: of this system are-completed in the
Point Lookout Sandstone (Ref. 42, p. 2).. NMED queried for non-coliform sample
results available on-line; no occurrences of analyte concentrations that exceed
Federal (Ref. 9; Ref. 10) or State (Ref. 11) drinking water standards were noted
among the data available (Ref 20). o

The Tri-State Generating Station system is an mdustnal/agncultural system that
serves. a population of 125 from 10 wells and a reservoir; 2: of.the wells are
shown to be inactive (Ref. 43, P- 1). NMED queried for non-coliform sample
results available on-line; one sample  collected between 2004 and 2007
exceeded the MCL for gross beta partlcle actlwty (Ref. 9; Ref. 43 p 2) '

The Bluewater Mill system servéd a populatlon of 60 from 5 service connectnons

‘that were sourced from 4 wells.” The wells are currently shown to be inactive,
and no analytlcal data for th|s system were avallable on- -line (Ref 44)

'The Homestake Mill system served a populat|on of 24 through 17 connectlons
-and was sourced by one well. This well currently is shown to be inactive, and no
: analytrcal data for this system were-available on-line (Ref. 45). R

Three wells and a spring within a 4-mile radlus of the Navajo- Brown Vandever

-Mine (CERCLIS ID NND986669117; see Table 3) were noted during an
“ingpection;: with ground: water levels:in- 1990 in 2 wells within 100 feet of an adit = - =~ : =
depth At that tlme th"‘se““ells were ~‘a portlon ef the water supply t0‘430 people'.:;'-~'~~=f R R

o Due to the compIeX|ty of ‘the*Site; ground water usage and potentlal |mpacts to--
wells located within Sitetarget=distancelimits: was not-analyzedzin=accordance -

with Ref. 46, p. 61 (Ref. 47, p."8):~Figure 4 shows details of wells'registered with

. the New Mexico Office of the State Engineer, and Table 5 summarizes well

usage, within the San Mateo Creek basin.

Just outside of the Site boundaries, the communities of Grants (Water system no.
NM3526133; Ref. 48) and Milan (Water system no. NM3525533; Ref. 49), and
the Golden Acres Trailer Park (Water system no. NM3525133; Ref. 50) maintain
regulated water supply systems. The Grants system serves a population of
8,892 through 3,211 service connections that are sourced from 3 wells, one of
which is shown to be inactive (Ref. 48, p. 1). The wells are completed into
basalt, alluvium, the San Andres Limestone, and the Glorieta Sandstone (Ref. 6,

p. 14).

The Milan water system serves a population of 1,911 through 1,043 service

connections that are sourced from 4 wells, one of which is shown to be inactive
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Ref 49 -P- )-these wells are completed into the San Andres Limestone,(Ref..6,..

“The Golden Acres Trailer Park system serves a population‘ of. -81~ through 23
-..service connections that is sourced from 1 well, which currently is.shown to be. .

B inactive (Ref..50).... S S R

The Mount Taylor Millworks water system is an industrial/agricultural system that
is sourced from one well. The system serves a population of 65. NMED queried
for non-coliform sample results available on-line; no occurrences of analyte
concentrations that exceed Federal (Ref. 9; Ref. 10) or State (Ref. 11) drinking
water standards were noted among the data available (Ref. 51)

3.2.3 .Ground water investigation

" Ground water data from the period preceding mining inception. were I|m|ted to

single-event sampling of isolated windmills for general chemical characteristics,
such as sulfate and TDS, and no trace element or radionuclide data are available
in the San Mateo Creek (Ref. 6, p. 94) and the Arroyo del Puerto (Ref. 6, p. 95) .

‘drainages. Pre-mining alluvial ground water quality -was-assessed “by’ data -

obtained from wells located upstream of uranium industry activities, including the
Lee wells along San Mateo Creek:  These data indicate :that natural alluvial
ground waters along San Mateo Creek trend:-from sodium bicarbonate water at
the Lee Ranch to sodium-sulfate-bicarbonate water downstream at the Sandoval

- - Ranch windmill. -TDS concentrations increase from 540 to-650 mg/I- within this 6-

mile distance (Ref. 6, p. 95). Molybdenum concentrations in water from the Lee
wells were consistently less than 0.010 mg/l (Ref. 6, .p. 95).  Uranium
concentrations also were consistently less than 0.010-mg/l in these alluvial wells.

-~ At the Sandoval ‘Ranch, pre-mining uranium-concentrations  were estimated fo "

. have’been lessthan:0.030:mg/l:- The  EPA: estimated:that:overall:natural:uranium::

concentrationis. within=-the*Ambrosia “Lake. mining-'district-appreached:0.1 ‘mg/l"

-»+(Ref.-6, p.:100). : Selenium-concentrations were-generally:less:than-0:005 mg/l<in"- -
* the' Lee wells; "at the" downstream ‘Sandoval Ranch “windmil
= §elenium~concentration of 0.018 mg/l in- 1980 ‘samplesw
7~ represent. an~-upper limit estimate of pre-mining ‘ground:water:selenium: -

concentration. -~ Natural ground water selenium concentrations may increase
downstream from the Sandoval Ranch due to contribution from selenium-
enriched sediments in Poison Canyon (Ref. 6, p. 100-101).

Ground water monitoring was conducted by EID between 1977 and 1982 from
stations established in San Mateo Creek and Arroyo del Puerco to characterize
the quality of natural ground waters and the impacts of uranium mining to these
waters—specifically to characterize hydraulic and contaminant migration
relationships between surface water and shallow ground water using monitor well
clusters (Ref. 6, p. 21, 26). Available data indicate the presence of little alluvial
ground water along the Arroyo del Puerto under pre-mining conditions (Ref. 6, p.
95). Mine dewatering throughout the GMB transformed ephemeral streams into
perennial streams, increasing. recharge to underlying alluvial aquifers, which
raised water levels and shallow well yields up to 50 feet between the onset of
dewatering in the 1950s and the late 1970s (Ref. 6, p. 66, 77). ' In March and
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980,-when mine dewatering discharge to :San-:Mateo-.Creek-was- . ...,
icanht*occasional flows of less than 1 .cubic foot-per: second (cfs) causedt
L the alluvial-water table to rise slowly. In contrast, streamflow increase to'3 cfs in
woee s |ate April*which lasted nearly two weeks, caused the water table to rise-within. - T
.+ ... one week, peaking in mid-May more than one foot higher than the level in mid- R
sweetiee - April(Ref#6; p74). When minewater discharges were: reduced; -alluvial-water S
levels monitored below the confluence of Arroyo del Puerto and San Mateo
Creek declined eight feet between March 1978 and March 1982 (Ref 6, p. 77).

Investlgatlon of the impacts to ground water in the vicinity of the Sectlon 35 and
36 mines indicate that alluvial ground water in this area was sourced principally
from the dewaterlng activities (Ref. 33, p. 23). :

At certain Iocatlons along San Mateo Creek, alluvial ground water chemlstry _
more chemically resembled minewaters than natural waters. ~ Minewater
constituents that adsorb to sediments or that formed insoluble precipitates, such HERE
as radiumazzs, were not found in alluvial ground water in significant concentrations
" (Ref. 6,:p. 94;-Ref. 33, p. 23). Other constituents that githér do not interact.with ~ - . . = &
TRLLT L Stream sediments or that form insoluble pre‘cipitates such as'uranium, selenium, & ~: - mie
S or monbdenum were found in ground waters in concentratlons approachlng I
those in undiluted minewaters (Ref. 6, p. 94)

As previously noted, streamflows recharge bedrock aquifers at subcrop and ,
=emseseno e -QUtCrop- areas, or where the saturated alluvium overlies:permeable . bedrock-with -+ -~
downward hydraulic gradient (Section 3.2.1). At these localities, dewatering
effluents also are introduced into these bedrock aquifers (Ref. 6, p. 77).
Although minewater discharge to Arroyo del Puerto-and San Mateo Creek are
- " significant rechargé ‘sources‘to the Dakota and Morrison formations, local water Coen
: ’-'Ievel decllnes greater than 500 feet resulted from mln“ ‘dewatermg (Ref 7). i

R genera , test weIIs that have been affected by mlnewaters sh concentrations <+
ief ruraniumi:-molybdenum, selenium, and gross® alpha- partlcle activity “to be
-7 glevatédrabove-Tiatural levels by 10 to 40 -times (Ref::6;:sp:::102): Chemical % ..
.~ indicatorstin-alluvial ground water to impacts from- mine:dewatering-are inferred - - -~
~ .+ to include- molybdenum concentrations greater than 0.03 -mg/l, . uranium .
concentrations greater than 0.03 mg/l upstream and 0.1 mg/l downstream of the
confluence of San Mateo Creek with Arroyo del Puerto, selenium concentrations
greater than 0.15 mg/l along San Mateo Creek upstream of the confluence, major
changes in TDS concentrations and general chemistry with a distance of less
than 3 miles, and significant declines in molybdenum, uranium, or selenium
concentrations with increasing depth in the upper portion of the alluvial aquifer
(Ref. 6, p.101). The presence of elevated selenium concentrations alone are not
sufficient to demonstrate minewater effluent impacts (Ref. 6, p. 107).

Shallow ground water quality in the San Mateo Creek—Arroyo del Puerto
drainage was transformed by dewatering effluents. One mile above the
confluence of these watercourses, alluvial ground water at the Sandoval
monitoring well cluster is indicative of sodium-sulfate-bicarbonate water
chemistry, with a TDS concentration of about 650 mg/l. Downstream from the

PN
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- confluence,. test. weIIs produce. ground water,.th

Lake- mlnrng drstrlct mlnewaters\_ € calciumsmagnesium-sulfate type), with TDS -
over 2,100. mg/l (Ref. 6,-p. 102). Mean uranlum ‘molybdenum, and selenium
concentrations-at the Lee wells are. below-detectable concentrations of 0.005 to
0.01 mg/l; at the Sandoval well cluster,’ uranium and. molybdenum concentrations
are 10 to 20 times detectable limits, which was.attributed to the effect of effluent
infiltration.  Below the confluence with the Arroyo del Puerto, uranium,
molybdenum, and selenium concentrations were approximately 3 times higher
than at the Sandoval well cluster. Uranium and molybdenum concentrations in
. the Otero wells are as much 7 times greater.than projected natural levels in this
portion of the San Mateo Creek drainage, .indicating water quality degradation
from minewater. Both uranium and molybdenum concentrations decrease with
depth (Ref. 6, p. 105). Gross alpha particle activity also was significantly
elevated along San Mateo Creek below the Lee wells, which reflects uranium
concentrations almost exclusively (Ref. 6, p 105)

Ground water restoration for the HMC srte has - been ongoing in 4 aqurfers (i.e.,

Alluvial, Upper Chinle, Middle Chinle, and Lower. Chinle) since 1977 (Ref. 12, p.
1.1-1). Monitoring data from-2006 indicates that concentrations of one or more
site contaminants .of concern-exceed site ground water standards (Ref. 8); as

| ~-well-as Federal (Ref. 9-and- 10) and State (Ref.-11) drinking water standards. - - -

- within each of the impacted- aquifers (Ref. 12, p..4.3-21, 4.3-39, 4.3-53, 4.3-73,
4.3-90, 4.3-107, 4.3-124, 4.3-141, 5.3-8, 5.3-12, 5.3-15, 56.3-18, 5.3-21, 5.3-24,
5.3-27, 6.3-8, 6.3-12, 6.3-15,-6.3-18, 6:3-21, 6.3-24, 6.3-27, 7.3-6, 7.3-10, 7.3-13,
7.3-16, 7.3-19). Several monitor wells within the underlying San Andres aquifer
(Ref. 12, p. 8.0-4; Ref. 13), which is not addressed by the Homestake restoration
. (see Ref. 12, p. 1.1-1) have. shown uranium concentrations exceeding Federal
+(Ref.:9).-and State (Ref..11)drinking - water standards -most:of these detectrons

23,3 SO|I exposure pathway_,,

at.ionically resembled Ambrosia . ... . . .. .

“"‘The soil ‘exposure pathway assesses the,.-.;threatz-to: human health and the' S

“environment#:bys-directzcontact:: with.. hazardous:::substances and areas of
suspected:icontamination.. - This pathway-addresses any material containing
hazardous substances that is:on or within 2 feet of the surface and not capped by
an impermeable cover. '

3.3.1 Soil exposure pathway description

An ongoing EPA risk assessment for the Homestake site will investigate the
potential for contaminated soil source to impact human health through media
including plant and animal uptake, as well as by direct contact (Ref. 52). The
need to further characterize this pathway will be dependent upon waste
characteristics at individual mine and mill sites within the Site.

3.3.2 Soil investigation results

Pond and stream sediment analytical and soils analytical data collected from the
Poison Canyon Mining District are shown in Table 4. These data, in comparison
to background samples collected within the same area, indicate elevated
concentrations of uraniumjss, uraniumaszs, thoriumszsg, radiumsg, leadoqo,
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more--of these samples (Ref. 40).

vanadium; -lead;--and-: :COPPEr- ~IA--0ONE:--
: Selenlu' ;
in Ref 6 p 100)

The: lnvestlgatlon of soil |mpacts from dewatenng activities associated with the
- Section35-and 36-mines-indicate that:radiumy:s and uranium concentrations in
soil, while decreasing with increasing- depth, exceed assumed background
concentrations. Exclusive of arsenic, total metals concentrations are below New
Mexico Environment Department (NMED) Soil Screening Levels, and leachable
metals concentrations, excluding selenium, and leachable major ions and TDS
are below New Mexico Water Quallty Control Commlssmn (WQCC) standards
(Ref. 33, p. 7-8).

3.4 = Surface water pathway

The surface water pathway assesses the threat to human health and the
environment by determining whether hazardous substances are likely to have
been released to surface water; and whether any receptors (intakes supplying
drinking water;- fi shenes sensitive envnronments) are llkely to be exposed to a
' hazardous substance as a resultof a release T

3.4.1 Hydrology

Most streams are ephemeral within the GMB. Peak runoff from heavy late-
summer thunderstorms and lesser flows from snow melt in late winter and early
~spring carry-high sediment loads (Ref. 6, p. 13).” San Matéo Creek has flowed
continuously since construction of San Mateo Reservoir near the community of
San Mateo; however this flow usually is ephemeral within 1 mile below San

_A072 cublc meters per '-mlnute Per kilometer: (Ref. 6, p. 72).
>-in-the “Ar strnct was calculated to be 7 54

b HSESFS per mintite ’(Ref’ 6 p 774)

"3:4:27=Surface water use

lmportant livestock ‘water supplies (Ref. 6, p. 14). Surface water in the GMB,
both from- natural or mining-impacted sources, was used for livestock watering.
Only artificially-maintained perennial streams were used for irrigation. No
domestic use of surface water has been documented (Ref. 6, p. 111).

3.4.3 Surface water investigation

Natural runoff has average suspended sediment concentrations greater than
30,000 mg/l. Flow within San Mateo Creek typically has suspended sediment
concentrations less than 400 mg/l. TDS concentrations in flow within Arroyo del
Puerto that was influenced by mine discharge were 1,500 to 2,000 mgl/l;
occasionally natural waters diluted these concentrations to less than 1,000 mg/l
(Ref. 6, p. 84).

In natural runoff, contaminants are generally associated with suspended
sediment and precipitates (Ref. 6, p. 87). Natural runoff has median
concentrations of total molybdenum and selenium of less than 0.01 and 0.03 mg/l
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spectively (Ref. 6, p. 87). Median total barium, conce rat|ons |n natura
5.7.7 mg/l (Ref. 6, p. 88). As much of 99%

less than 2 pCi/L of dissolved radiumazs.  Natural runoff typically has

concentrations of total leadzo and polomumzm between 40 and 90 pCilL -

respectively (Ref. 6, p. 90).

- Surface water monitoring was conducted by EID between 1977 and 1982 from~ -

stations established in San Mateo Creek and Arroyo del Puerto to characterize

... _the quality of natural surface waters and the impacts of uranium mining to these
- - waters—specifically to characterize hydraulic and contaminant migration .
... relationships between surface water and shallow ground water. Monitoring.

locations included flow from both uranium mine dewaterlng effluents and natural

.-== perennial flow (Ref. 6, p. 21). Additionally, single-stage samplers were installed: - -.
.. -=#o within ephemeral watercourses above. and :below: mine - waste - piles. to - ,
-~ s ccharacterize runoff; additionally grab samples collected durlng runoff- events:—;e':?rf-*-'»-:“"-vs"*~

T TR above and below waste piles (Ref. 6, p 32)

EID mvestlgators concluded that TDS concentratlons in perenmal stream ﬂows“" |

" S throughout the GMB varied between less than 200 to greater than 1,500 mgl/l,

particle activities in natural runoff are associated W|th preC|p|tates and suspendedl ‘
'sediment. Dissolved gross alpha levels are generally.less than. 20 picocuries:per.:,.- -
Jiter (“pCi/L”), with dissolved uranium accounting for more than 80.percent.- Total . . ..~
-radiumyzs concentration in natural runoff often.exceeds.15. pCI/L but usually. hasc... . .

- -with the lowest TDS values found in the.perennial-flow.of-San.Mateo Creek (Ref.-. .-~ --

- .6, p. 43-44). Dissolved trace element and radionuclide concentrations in both . .

perennial and ephemeral flows throughout-the GMB are very low, due to the low

. ..solubility of these materials and the prevailing neutral to slightly alkaline nature of : ... .
«the: flows .(Ref. 6, p. 45).--Suspended sediment:concentration-in the San-Mateo. :

erennial flow- had a log- mean:concentration:of:10:mg/l;:whilezephemeral flow:i
e same streamcourse had a log-mean- concentratlon of::8;100-mg/l-(Ref..6;

irtually absent from runoff (Ref. 6, .p..48) bid.waters,.gross alpha:particl

ranged from 546 pCi/L to 2,000 pCi/L, with a median concentration of 1,060 pCi/L
(Ref. 6, p. 48). The maijority of radiumy, and lead,io concentrations found in

turbid water samples were bound to sediments (Ref. 6, p. 51). Maximum gross .

alpha particle activity exceeded maximum natural runoff activity by 200 times.
Maximum levels of natural uranium and radiumgs, which are 2 major alpha
particle emitters, exceed natural maximum runoff levels by over 100 times.
Gross beta particle activity, especially from lead;qo, also far exceed natural runoff
levels (Ref. 6, P 57) :

" As noted prev10usly (Section 3.1), runoff sampling below uranium mine waste
piles indicated that sediment concentrations were comparable to natural
sediment concentratlons
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-, 3.5 Air pathway : ey
" The air pathway assesses the threatto*hiu

- determining whether hazardous substances are. Ilkely to have been released to.
the air; and ~whether any receptors (human population and ' sensitive
environments) are likely to be exposed to hazardous substances as ‘a result-of a
““release. The need to characterize this pathway will"be dependent upon-waste
characteristics at, and population densities near, mduwdual mine and mill sites
within the Site.

4.0 Summary and conclusions

NMED has identified 85 formerly- producmg uranium minesites and 4 uranium
millsites (Ref. 7) within the approximately 321 square mile (Ref. 3) San Mateo
Creek basin (Ref. 3, 4) for investigation of potential sources of background
ground water contaminant concentrations that exceed Federal (Ref. 9 and 10)
and State (Ref. 11) drinking water standards. -Population density within the area
of the Site is between 6 (Ref. 19, p. 2) and 13 people (Ref. 19, p. 1) people per
square mile. The communities of Grants and Milan, which are located just
- outside of the boundaries of the Site, have populations of 8,806 (Ref.-21) and

'1 891 (Ref. 22) people respectively.. Therefore; -the “total potentlally-|mpacted'
population within a 4-mile radius of the Site boundanes is inferred to be between
10,000 and 30,000 people : »

~ Analyses of waste rock samples from the Poison Canyon Mining District showed
" that contaminant concentrations are elevated relative to background (Ref: 40).

- EID analyzed composite minewaste samples from within the Site to determine
contaminant leachability (Ref. 6, p. 34-35); these tests indicated that these

- materlals had relatlvely low potential for leaching and ground water degradatlon -
(Ref. 6 p. 57). ¢ Nevertheless the 'EID mvestu ation also noted " that “the -
) contamlna'nt ‘concentrations * “from™T :
‘ 'concentratlons (Ref 6, p 54, 55 57

Water produced from mine dewatermg contamed elevated contaminant

‘waste: "exceeded “natural™

" ‘toncentrations (Ref. 6, p. 80; 84) and-produced: perennial flows in SaniMateo - -

Creek and Arroyo del Puerto (Ref. 6, p. 66, 68,:72, 77). These flows increased
recharge to alluvial aquifers in the Ambrosia Lake mining district. Mine discharge
elevated TDS concentrations in Arroyo del Puerto surface water flows (Ref. 6, p.
84). Maximum levels of natural uranium and radiumgs, as well as gross alpha
and beta patrticle activity, exceeded natural runoff levels within the GMB (Ref. 6,
p. 57). Although the effluents were treated to reduce solids and radium
concentrations (Ref. 6, p. 20-21), some contaminant concentrations were found
to be higher than was found in natural runoff (Ref. 6, p. 87, 88, 90). EID
coliected effluent samples with elevated concentrations of radiumzss, leadz+o, and
poloniumyqo that were attributed to episodes of ineffective minewater treatment
(Ref. 6, p. 90). Some contaminants were observed to precipitate or bind to
stream sediments where available, but would move downstream during flow
events; in relatively sediment-free stream channels, contammant concentrations
were not readlly attenuated (Ref. 6, p. 90, 92).
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-Little.data,are.available,to.c
Hmining;: (Ref 6,p 94395\4

] [_\/Ime dewaterlng increased recharge to and water e
e 0 levels in, alluvial aqurfers (Ref. 6, p. 21, 26, 66, 74, 77; Ref. 33, p. 23). “Mine =~ - L
S dewatenng changed-hydrologic condltlons throughout the Site (Ref. 6, p: 13; Ref.- - -«
©ie. .. 42, p. 3).- Alluvial greund-water was found to have some geochemical similarites . .. - - . -
= -~t0.minewaters (Ref. 6,.p.:94,;:101, 102, 105, 107); natural attenuation was found-.- ... e
to moderate some geochemical effects (Ref. 6, p. 94; Ref. 33, p. 23).

Bedrock ground water Ievels were greatly reduced from the dewatering activities
(Ref. 6, p. 13; Ref. 42, p. 3): However, where bedrock aquifers subcrop alluvial
aquifers or outcrop in streamcourses, the dewatering effluents recharged these
aquifers (Ref. 6, p. 77). .

Within the Site boundary, ground water supplies water systems for the

~~ ~ community of San Mateo (Ref. 20), and the Tri-State Generating Station (Ref.

.~ 43). The community of Haystack also uses ground water (Ref. 41). Immediately ~

~.outside of the Site boundary are water systems for the communities of Grants

(Ref. 48) and Milan (Ref. 49);:as well as the Golden Acres Trailer Park (Ref. 50).

swiepesse s - Another water -system -in+the+area is- registered to- the Mount Taylor Millworks
ST '(Ref 51) Available ground water usage is: summanzed in Table 5.

Sludges produced in ponds in wh|ch mrne efﬂuents were treated, had some
0 ' elevated contaminant concentrations (Ref 0, p 20-21, 80, 82). .

-SOI| samples from the P0|son Canyon Mlnrng Dlstnct show eIevated contamlnant
concentrations (Ref. 40), as do samples taken from soils impacted by Section 35
.~and 36 mine dewatering (Ref. 33, p. 7-8).-:Soil samples from areas-impacted by .. ..
- ~dewatering of theSection 35 -and-36:-mines indicate: radiumyzs -and-“uranium - .~

sconcentrations:inssoil-exceed:assumed-background:concentrations:: Exclusive:of:
‘arsenic; ‘total- metals® ‘concentrations -are- below New -Mexico- —Enwronment-\-
epartment (NMED) +Soil««Screening - Levels; - and: leachable::»metals-
concentrations; excludlng selenlum -and- leachable major-ions—and* TDS::are-
‘below New: Mexico: Water Qualrty Control Commission (WQCC) standard Ref
_21,_33 p: 78) s s e -

" The air pathway was not evaluated for this study, but should be studled durlng
recommended further CERCLA investigation of this Site.
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Figure 1: Mines and mill locations
Ref. 3,4, 5,7, 53, 54

San Mateo Creek Basin Legacy Uranium Sites
Cibola and McKinley Counties
New Mexico

Notes:

Symbology for mines is derived from Ref. 7 according to the following schema:
e Surface and underground, underground, and surface uranium mine categorization (Ref. 55).
e Production categorization (Ref. 56).

See Table 1 for mine information.
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Figure 2: Bedrock geology of the San Mateo Creek drainage
References as for Figure 1 plus Ref. 57

San Mateo Creek Basin Legacy Uranium Sites
Cibola and McKinley Counties
New Mexico
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Figure 3: Surficial landownership within the San Mateo Creek drainage basin
References as for Figure 1 plus Ref. 29

San Mateo Creek Basin Legacy Uranium Sites
Cibola and McKinley Counties
New Mexico
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Figure 4: Wells within the San Mateo Creek basin that are registered with the New Mexico Office of the
Engineer
References as for Figure 1 plus Ref. 58 (see notes)

State

San Mateo Creek Basin Legacy Uranium Sites
Cibola and McKinley Counties
New Mexico
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Notes to Figure 4:
Wells data from Ref. 58, and are summarized by use categories (Ref. 59, 60) in this figure as follows:

e OSE wells: Other = includes DEW, EXP, MIN, MON, NOT, OBS, PRO, and PUB categories and entries with no
category (i.e., blanks)

e OSE wells: Non consumptive = includes IND, IRR, SAN, STK categories

e OSE wells: Single domestic = includes DOM category

e OSE wells: Consumptive—multiple domestic = includes MUL, MOB, MDW categories
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Table 1: Mines within the Site boundary
All data excerpted from Ref. 7
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Fig. 1
index MINE | SURFACE MINERAL . | - MINING 1% LAST . :
no. NAME ALIASES OWNERSHIP OWNERSHIP . | METHOD YEAR | YEAR [ PRODUCTION | DISTURBED RADIATION RECLAMATION
Phil, S dump 700
Christma | Christmas Bureau of Land | ‘cps; workings
1 s Day Day No. 14 Management surface 1954 1956 |a 500-700 cps
Gay T . .
2 Eagle _ : -, |surface 1952 1965 |a
Last Bureau of Land. P ) ) e
3 Chance Bottoms Management . |'surface 1951 1956 --|Ja
Bonanza : . . R .
No. 1, . : S background- -
Trustco U.S.Forest = |'U:S. Forest : : , 50 cps; high
4 Taffy Corp Service Service .. ‘i |surface 1961 1961 a 4,500 cps
Tom No. 13, | private or ] -«prlvate or Bureau - .
Tom Group, | Bureau ofLand |:0f ! © . : ‘ .
5 Tom Vanadium Management Management surface 1954 1955 - |a
Bureau of Land | Bureau . of." 1. T :
6 Bobcat Management Management surface 1956 1956 |a 4.80 debris
. ' background - :
Charlott | Section 33, | Sonny & Isabel Newmont ' - 50 cps; face :
7 e Farris Marquez Co: . surface 1958 1958 |a cut 125 cps f
Dakota SN
Mine, . :
Gossett, : background :
Black Rock," 90-130 cps; E
Section 4, '; N adits 3,900 - :
Martinez S PR o cps; stope-
8 Pat Lease Navajo Allotee .| -Navajo Allotee underground | 1952 1963 Ja 5.59 3,500 cps i
s R ' N background - ¥
Lol o 50 cps; high
9 Dakota Navajo Allotee Navajo Allotee . [underground | 1952 1963 . |a-f 2.36 500 cps
' : : background
Pat, Section ‘ AT 70 cps; max
10 Junior 4 Navajo Allotee'..; | surface 1953 1953  |a-f 7.64 200 cps

Navajo Allotee
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Fig. 1 - -
index MINE SURFACE MINERAL MINING 1% LAST .
no. NAME ALIASES OWNERSHIP OWNERSHIP | METHOD YEAR |[YEAR | PRODUCTION | DISTURBED | RADIATION RECLAMATION
) 1990 Oct/Nov:
. Contractor: Romero
m Excavation &
: Trucking; adit
timbering removed,
' incline pit backfilled
N | with mine waste, 2
Piedra Section 30, | Bureau of Land | Bureau of_ land [ ; air shafts backfilled
11 Trieste Piedra Lisa_ | Management -~ Manageme :underground |1979 1981 " Ja: 15.00 with gravel |
i o I background - - i B
| : 50 cps; pits
. ) . 3,800 cps; 3
Red State Land A ¢ . . dumps 1,500 |
12 Paint R. M. Shaw | Office State L'and Office |surface 1952 1955 . |a. 1.83 cps . i
Westvaco, f . L ! :
Febo, Los i
Tres DU P | ; ‘ background |
Section | Mosquetero | Cerrillos Land Newmont'. Mining' |- * U 50 cps; adit |
13 5 s Company Co.i" - - -~ lunderground |1958 1958 |a- 2.89 800 cps
' ! : background
? . 20-30 cps,
Moe No. State Land : . S | : dump high
14 4 Section 32 Office State Land Office -underground {1961 1963 a 2,200 cps
Rimrock, T e e : .
Red Homer , ;
Bluff No. [ Scriven, State Land o v 3
15 1 Section 36 Office State Land Office |surface 1952 1964 |a 7.51 pit 1,100 cps
Black ' : ’
Hawk,
Bunney, | Section 4, Bureau of Land N S
Red Bunney Management, Blreau of Land | .
16 Bluff Group private Management - surface 1952 1967 |b L
background
70 cps; open
Zia, La Jara | U. S. Forest U. . S. _Forest |surface, pit 150-200
17 La Jara No. 1-9 Service Service ., ..., |Junderground |1952 1960 b 4.00 cps
background
70 cps; adit
(S) 1,700 cps;
U. S. Forest U. S. Forest.|underground : waste pile
18 Zia Service Service |, surface 1952 1958  |b-f 4.00 600 cps
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Fig. 1 . g
index MINE SURFACE - MINERAL - MINING 1% LAST
no. NAME ALIASES OWNERSHIP |’ -OWNERSHIP:- |. METHOD YEAR |YEAR | PRODUCTION | DISTURBED | RADIATION
Red . R U T . L
Bluff No. . S
1,2, 3, Elkins and : , max 1,0000 "'
19 4,5, Jones B surface 1952 1976 b cps
Section | Mark Elkins, ; 4.4 1, |surface, oo adit 10,000, ,é
20 9 Anaconda '+ .. Junderground (1950  [1962 " |b cps ! -
1993 Mar/Apr:
b Contractor: Khani -
Co., headframe
demolished, shaft
plugged with 3 ft
bentonite plug and
backfilled with waste
from Barbara J No.
Whitecap, 3 site; 1980:
Dalco, Anderson observed
Barbara | Barbara Bureau of Land | Bureau of Land |room  and shaft backfilled &
21 J No. 1 Jean No. 1 | Management Management - pillar 1956 .[1968 |b 7.00 site regraded
- ‘ 1993 Mar/Apr:
Contractor: Khani
Co.; loading
structure & powder
magazine
i demolished, decline
i adits plugged with
mine waste, 2
Malpais No. ventilation shafts
Beacon 10.& 14; - Tyt _ backflled diversion
Hill Section 18, | Bureau of Land- ,_Bureau of Land underground N ‘ : dltches constructed
22 Gossett | Moe No. 3 Management ,Management |, open stope [1956 1978 |b 15.00 fon: Uphl|| slopes
: Mesa Top, " pa : '
Malpais,
East '
Malpais, “
Davenport, U P 1993 Mar/Apr
Beacon | Beacon Hill | Bureau of Land_'v‘ ABureau N ' ‘ Contractor Khani
23 Hill No. 18-23 Management Management underground 1956 1967 |b-f Co.; shaft backfilled
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Fig. 1
index
no.

MINE
NAME

ALIASES

SURFACE
OWNERSHIP

MINERAL
OWNERSHIP

MINING
METHOD

1 st
YEAR

LAST
YEAR

:PRODUCTION

DISTURBED

RADIATION

'RECLAMATION

24

’B'Iué
Peak

Garcia No.
1-5, Red
Top No. 1-
10, Section
24

Bureau of Land -

Management

Bureau of Land
Management

underground
, stripping

1951

1965

634

1990 Oct/Nov:’
Contractor Romero
Excavation &
Trucking; timber
loadout dismantled,
backfilled 5 adits

‘|with on-site mine

waste

25

Davenpo

rt

Moe No. 2,
Davenport
Incline

Bureau of Land
Management

IR R

underground

1957

1966

6.00

1990_0ct/Nov:
Contractor: Romero
Excavation &

1Trucking; powder

box dismantled, -
decline and adit
backfilled with mine
waste from
Davenport and

26

Dysart’
No. 2

Section 11,
SE Shaft

? Homestake
Mining Co.

1959

background
75 cps; main
dump
intersecting -
road 1,500
cps; small

cps

dump 1,100

Mesa Top Mines

27

Faith

Section 29,
Westvaco

Isabella O.

Marquez Trust '

Newmont Mlnlng

_underground

1958

1983

1.00

198 shafts
backfllled surfaces
recountoured

|reseeded .. : 4

28

)

Fife and
Bailey,
Vilatie Hyde

Bureau of Lland
Management

Corp o

[N R

P R TTEI  v
.Buréatiofilland. | -

underground

-

{undergrounc, -

~

5

1964

10.00

1990 Oct/Nov
Contractor Romero
Excavatlon &
Trucking;
timber/debris
removed from adit,
chute removed, 5
subsidence areas
backfilled with mine

|waste & graded, adit
|backfilled with mine
o waste 3 vent no|es

.Management

R

[1966
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Fig. 1
index MINE SURFACE | MINING 15t LAST GRS :
no. NAME ALIASES OWNERSHIP “ METHOD YEAR |YEAR. | PRODUCTION [ DISTURBED | RADIATION RECLAMATION
' background  [shaft cross-timbered
Lucky R A 50cps;shaft |and.10-15.t *
- | Dooley, Bureau of Land 450cps; dump_ |concrete plug
29 Hogan Fence, Plain Management .. |underground |1959 1962 |b 200-400 cps __|poured
S e U 1991/2 Cerrillos
Land Co. regraded
SIS Y waste;rock, shaft
_ Isabella O. Newmont” Mining A . |packfilled,
30 Hope Section 19 Marquez Trust Corp.. . -~~. . |underground |1977 1981 |b 10.00 : . |revegetated :
o o shaft 400-600 L
cps high
Section 11 I 1,200 cps;
Mary NWQ, 7?77 Homestake | ??? Homestake dump 600-
31 No. 1 Dysart No. 3 | Mining CO. Mining Co.. underground [1959 1965 |b 33.88 1,500 cps
: Mesa Top T
No. 5,
Malpais,
Davenport, Y
Malpais No.
13, Beacon e , '
Mesa Hill No. 18- Bureau of Land | Bureau -of land | underground , |
32 Top 20 Management Management. . |, open stope [1954 1958 b 10.00
Double ’ -
Jerry, i S
Section 34, U. S. Forest U. S. Forest portal 350-
33 Vallejo Farris No. 1 ] Service Service - underground |1957 1963 |b 2.00 600 cps
Section 8, background : )
Centennial, 70cps; dump 11997 Nov: AML
State No. 1- | Bureau of Land | Bureau of Land area 300-600 linstalled 350 ft
34 Spencer | 27 claims Management Management underground | 1958 1980 |b cps fencing
Williams ’
and
Thompson,
Brown
Vandever, ) stockpile
Section Federal L g ... | underground : 1,000 cps;
35 18 Mine Navajo Aliotee Navajo Allotee , surface 1952 1966 [b 12.68 stope 150 cps
Yo face cuts
Haystac Navajo Tribal Navajo Tribal 1,500 cps;
k Fee (Sec 23), Fee <(Sec -23), mineralized
Section Sec 23 & 26 | Navajo Allotee j Allotee o zones 5,000
36 23 Open Pit (Sec 26) surface 1957 1966 - |b . . 17.61 cps . .

o
S
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Fig. 1 e o :
index | : MINE SURFACE . | '::MINERAL:"-- | - MINING 1= "LAST | ST S
no. .NAME ALIASES OWNERSHIP | “OWNERSHIP. [ METHOD YEAR |YEAR | PRODUCTION | DISTURBED RADIATION |- -.
e . N background
. 50 cps; dump
i 600 cps.with
: 1,600 -
. cps1500 cps,
! Rialto, ‘ stock pile
Chill Section 13, R ‘ - 600-1,000
37 Willis Section 24 Marquez Ranch | Conoco; ‘! .underground }1960 1963 _|b cps .
' : C I | 1987. pits backfllled
- 1994; fall Santa Fe
Pacific Gold -
reclairhed &
Santa Fe reseeded debris
Haystac | Railroad, removed 1995
k Henri Dole, |. background tres’ ass dumping &
Section | Section 31 Isabella O. ,»Newmon‘ 'Mlnmg 20-30- cps " lmin ioh-
38 31 NWQ Marquez Trust. Corp i . .- jsurface 1953 41975 - [b . dumpi150 cps- observed
‘ : 3 . |1980° Anderson
" [shaft backflled
bundln‘gs removed;
Jand M, equipment
Section 36, salvaged; Per AML
v Lease 60- 1989 in Grants
United 167, VCA State Land T T : dump 700- Phase 1 recon: no
39 Western | mine Office State Land Office :j underground {1957 11960 |b 900 cps threat, reclaimed
Silver Spur ' ’ R , ' ‘
No. 1-5, portals 350
Berryhill- cps; tailings
Elkins, surface, dumps 800-
40 Febco Small Stake | Berryhill Family [ Berryhill Family underground |1952 1966 |{b 4.16 1,200 cps
Febco, N pits 1,800-
Silver Silver Spur ' 2,000 cps;
41 Spur No. 5 Berryhill Family | Berryhill Family | surface 1955 1958 [b-f 3.31 dump 900 cps
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Fig. 1 v
index MINE SURFACE MINERAL MINING 1% LAST . _
no. NAME ALIASES OWNERSHIP OWNERSHIP:;..|. METHOD | YEAR |YEAR | PRODUCTION | DISTURBED | RADIATION RECLAMATION
' : : 1991 Aug buildings
removed and buried
on site; boreholes
backfilled and
. sealed with
reinforced concrete
x cap; shaft backfilled
and capped with
reinforced concrete
cap; 1992 May-June
earthwork to
reconfigure/cover
waste piles;
Section Westwater Jerry & Luann Newmont M|n|ng : ' placement of topsoﬂ
42 13 Corp. Elkins underground ;{1979 1981 c 20.00 1992 Ju
K ‘ ' R dump 800--  -{1987:Santa Fe
12,500 cps; . [Pacific Gold, :
stocKpilé :1detlined adit shaft
, 10,000 ¢ps; -, .{backfilled; structures
R RS T TR & ; high readings : [removes; regraded;
Marcus, Isabella O.- -| Newmont -Mining ,|- S s on streambed , |12in: topsoil depth -
43 Marquez | Calumet Marquez Trust | Corp. : Junderground ;{1958 {1971 .|c road ‘lallsand i :
R : . background o
Elkins Real ' : 20-30 cps;
Estate, Berryhill . Newmont. Mining o | - § I v outcrop 300-
44 Divide Section 25 Ranch, Ltd. Corp. L underground 11952 1973 - Jcf 0.58 1 350¢ps.- '
' : ' background
70 cps; shaft .
‘, 700-1,000
: _ cps, .
_ ! dump/stockpll
Dysart Rio de Oro, . ¥ , e 400-700
45 No. 1 Section 11 unknown | unknown underground ] 1956 1983 Ic 58.55 cps .
Dog Incline, s e ‘ ' - E ‘ -
Flea Incline; dumps 350-
Dog-Flea, . 750 cps;
B-G Group, A , FARAR : waste
BG Group, | Bureauofland | Bureau of Land ‘ ) washing into
46 Do Section 20 Management underground |1957 1975 |c 30.00 arroyo

Management_
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Fig. 1 AV R : o _
index MINE SURFACE MINERAL MINING 1% LAST ' )
no. NAME ALIASES OWNERSHIP OWNERSHIP METHOD YEAR | YEAR | PRODUCTION | DISTURBED | RADIATION RECLAMATION
' Desiderio, background
Amiran, 20-30 cps;
Operation . waste 900
Haystack, Elkins Real cps; pits
Section Rimrock No. | Estate, Berryhill | Newmont M|n|ng : : 2,000-3,300
47 25SEQ {1 Ranch, Ltd. . Corp """ surface 1952 1981 ic 63.56 cps
' : ‘ 1987 shafts
backfilled; 1993 &
1994 additional
: f reclamation
' activities; 2000
Poison isabella O. Newmont M|n|ng surface, erosional rilling
48 . Canyon | Moe No. 1 Marquez Trust _{'underground |1952 1978 |jc 30.00 reclaimed
Section 14, : : : "
Jeep No. 1-
6, Buckey, Cobb _ : -
49 Bucky Buckly Resources : Management . :underground | 1957 1982 |c 27.43
g . : shaft 400 cps
with high
900cps; dump
Kermac, Cobb Cobb Resources, 400-700 cps; W
Regomex, Resources, ??? | 7?? Bureau of ventilation by1980 shaft: .
Section | Ambromex, | Bureauofland | Land o . ’ . : shaftair . . secured with. wire
50 10 Buffalo Management Malagement»i underground }1957 1981 [c 16.48 >6,000 cps - |mesh-fence .-
1 T ‘ : 1980 shaft ¢ covered
|by Toditto; 1993
R Mar/Apr Contractor:
[ T P H lé...
Fife and ‘ riprap, 1 ventilation
Bailey, HETR I shaft backfilled with
Barbara | Barbara Bureau of Land | Bureau of Land { ° riprap, vent holes
51 JNo.3 Jean No. 3 Management Management. underground | 1959 1980 |c 5.00 backfilled
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Fig. 1 o : |
index MINE SURFACE , MINERAL MINING | 1 |LAST . ; S
no. NAME |- ALIASES OWNERSHIP OWNERSHlP METHOD !| YEAR |[YEAR | PRODUCTION | DISTURBED | RADIATION
Manol, F. 7 ' ) ‘ ‘
Manol, N '- background
Roundy ( 20-30 cps,
Lease, : dumps 500-
Rimrock No. : j 600 cps with
Roundy | 3, Section '| surface, f B T R o | 1,000-2;,200::
52 - Manol | 30 Junderground {1952 .|1981 |c :16.30 cps high
1 i 1 ' background-
80 cops; shaft
» area outside :
’ f fence 350 2
? cps; waste .
dumps 1,000-
S 1,7000 cps
e with 2,000
Isabella O. Newmont ‘Mining : ; ' spikes; high
53 Isabella__ | Section 7 Marguez Trust | Corp. Junderground 1959 (1980 |c 2.00 readin
Dysart ’ '
Group,
Section Tana and Bureau of Land , .
54 12 Alto Management Cobb Resources ‘| underground | 1961 11982 |c
T 1993 Mar/Apr:
Contractor: Khani
Co.; casing, water
_{tank, timbering, etc.
removed, 1 shafts
Malpais No. | closed with 2-ft
13, Dog No. ; bentonite plug and
10, East ' “|backfilled with
Malpais, ‘{riprap, 1 ventilation
Malpais A ; shaft backfilled with
-raise, Mesa | Bureau of Land Bureau of Land : | _ ‘|riprap, vent holes
55 Malpais | Top Management Management : undegground 1958 1961 |c 8.00 [backfilled .
i ‘(1993 Mar/Apr
: Contractor Khani
: removed shaft
Whitecap, |backfilled with mine
Dalco No. 1, ] ! : waste*(shaft '
Barbara | Barbara Bureau of Land -| Bureau . of Land | - |- collapsed during
56 JNo.2 Jean No. 2 | Management Management Junderground :| 1957 1968 c 8.00

‘|construction)
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Fig. 1.

index MINE SURFACE MINERAL MINING 1% LAST . _
no. NAME ALIASES OWNERSHIP OWNERSHIP METHOD YEAR [YEAR | PRODUCTION | DISTURBED RADIATION
..... Py , ) — —
; reclamahon included
permanent closure
' of portals Nos. 1, 2,
! ; 4, 5 and vent raise
Section 33, : . (portal No. 3 never
Anaconda, | developed), mine
Forest ; waste backfilled into
Group, : . tunnels and portals;
Head & Atlantic Atlantic Richfield : ) slopes 3h:1v or less,
57 F-33 Keely Richfield Co. Co. underground |1954 1977 |c 39.00 12in
i i 1991/1992 Cerrillos
Section 21, : Land Co. both
Doris No. 1, . declines sealed,
Little Doris, ; erosion control
Doris et : features, debris
decline, . T removed,
Flea-Doris Isabella O. -Newmont Mining revegetated, waste
58 Doris extension, Marquez Trust Corp. . - ‘underground {1958 1981 c 10.00 rock regraded- .
: : background ;
Elkins Real R e i 20-30 cps; X ‘.
Section Estate, Berryhill | Newmont. Mining |: . dumps 3200 B B
59 25 shaft Ranch, Ltd. ;Corp. ..., - .. |underground |1963 1967 c-f 18.58 cps . i
Mount Gulf, Rio Grande .Rio..i- .. Grande [
60 Taylor Chevron Resources, Inc. [ Resources, Inc. [underground | 1980 1990 Jo 66.00 P
EASLENNEIN 1993 Mar/Apr:
Contractor Khani
Co 2ad|ts I
reclalrned removed
wire mesh and tin
cloures removed
- tlmbenng, backfilled
Bureau of Land v : with:mine waste, 30-
Management Bureau ‘ofLand ' mil'PBC cover
(Sec 20), State Management i ed on opening,
Land Office (Sec 20), . State 12 etopson diversion
Fiea-Doris (Sec 16), Land Office (Sec ditches constructed
61 Flea Extension private (Sec c-f 20.00

underground

1957

1980

AT

16) pnvate (Sec

on uphlll slopes
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Fig. 1
index MINE SURFACE . ..-MINERAL ;. | MINING 1% LAST . L ’ :
no. | NAME ALIASES OWNERSHIP | . OWNERSHIP:. {.-METHOD YEAR | YEAR | PRODUCTION | DISTURBED | RADIATION RECLAMATION
Elkins Real '
Estate, Berryhill | Newmont Mining ,
Ranch, Ltd. Corp. ™ (Sec.:25), :
Section (Sec 25), . : ‘Bureau; .of.;Land: background - i
25 Tag claims, | Bureauof Land Managemetn ; i 1 20-30cps; .
62 Decline_ | Red Rock Managemet | (Sec 2 i underground., |0 0_ c-f 2.89 max.400cps
' H R i ! o N ' : 198 0s:
: ! Amlran/Reserve
! : . . ; backf lled features
; . - aftér lease expired;
5 [1993: Santa Fe
- | Pac (_: reclaimed &
Co i reseeded 1994:
- ; background - additiona’l :
i 20-30°'cps; - |reclamation: :debris
waste 900 |removed; rainwater
Section Elkins Real : ! cps; pits ~limp ndment for
25 Open | Desiderio, Estate, Berryhill | Newmont Mining | underground - 2,000-3,300 Ilvestock 12" soil
63 Pit Amiran Ranch, Ltd. Corp. , surface 1952 1981 c-f 21.69 cps . :
Rimrock No. : . , : : ' :
1, Manol, :
Section 30, : : 7
H-H-50, ! 5
Mano No. 1, ; il A AR D
Roundy | Golden P. E( ; pits 300-600".
64 Strip Roundy ‘lunderground 1|1952  ‘|1971 _ |cf cps
! H : 1990. Oct/Nov
Contractor Romero
Excavation &
. Trucking; shaft
L ) collar and grating
removed, 2
subsidence areas
backfilled with mine
! . waste, 5 vent holes
T-9 , backfilled with
orebody, i gravel, shaft
Rimrock No. - backfilled with waste
2, T-20 Bureau of Land | Bureau of Land material, 1 ft topsoil,
65 T-20 shaft, Q-32 | Management Management lunderground [1955 - [1968 |cf 5.00 seeded
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Fig. 1 - ' T ) ' '
index MINE SURFACE - MINERAL: MINING 1% LAST Lo :
no. NAME ALIASES OWNERSHIP | ' OWNERSHIP. METHOD YEAR |YEAR | PRODUCTION | DISTURBED RADIATION RECLAMATION
: e : surface & O
groundwater . g

San Section 30, U. S. Forest JU. 0 S, F "

contamination
; waste
dumps 8-
25uR/hr;
settling
basins 100-
450 uR/hr

1980s:Homestake

- backfllled main shaft

with. mlne water
materials S

66 Mateo Rare Metals | Service 'S‘ervicefftf underground | 1959 1971 ¢ |d-

portlon of ming.
mcluded in Phillips
UMTRA Titie Site;
1994 ‘$haft backfilled
wsth th/mme waste
& C pped wnth 4ft

Phillips No. I
1, Section 1.
: 28, Spider United Nuclear | A , i
67 AnnlLee | Rock Corp. | Hecla Mining underground |1958 1982 |d 0.10 g
State Land . State Land Office : 1990 Quuwra
Office (Sec 36), | (Sec 36), Hecla reclan‘ned per SLO
Isabelfa O. Mining & specs 3-cased vent
Section 36, Marquez Trust Newmont Mlnmg holes remain on site
68 Cliffside | Section 1 (Sec 1) Corp. (Sec 1) underground {1960 1988 |d as monitoring wells
‘ 1982: mined-out
aréas backfilled with
tailings, shaft'sealed
with concrete plug,
portal sealed with
concrete plug; 1993:
: Fed Reg Docket No.
Johnny John E. Motica, | Newmont Mining ' . 40-8914 released
69 M Ranchers Fernandez Co. Corp. underground [1976 1982 |d 5/13/1993
John Bully ’ ]
John shaft, United Nuclear P PO
70 Bully Sandstone | Corp " _|underground {1959 1980 |d-f

PN
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Fig. 1 _ f :
index MINE SURFACE ) MlNERAL |.. MINING 1%t | LAST L
no. NAME ALIASES OWNERSHIP OWNERSHIP METHOD YEAR |[YEAR | PRODUCTION | DISTURBED | RADIATION RECLAMATION
: 1980s: headframe
removed; 1994 fall:
barbed-wire fence;
_ ‘Ishafts backfilled and
Section 34, topped with -
Sandsto | John Billy United Nuclear S . concrete cap; 2ft soil
71 ne shaft Corp Hecla Mining {underground [1959  .[1980 |d 8.00 depth; seeded
o 1991 Aug-Sept:
buildings
demolished & buried
on site, shaft &
“ decline backfilled &
' capped with
reinforced concrete;
boreholes backfilled
& capped;
, K ponds/containment
-y " berms flattened;
. 1992:May-June:
: earthwork to
Homestake i : ‘ o reconflgure/cover
Section | Sapin Mine | Jerry & Luann | fNewmon M|n|ng _ ? waste piles; "
72 15 No. 15 Elkins fCorp Lo L underground . {1958 1981 ‘|d 30.00 ] placement of
Jerry : i ’ '-
Wayne No.. q - o i
1-36, Rio Algom (Sec | Rio Algom (Sec;
Carter, 17,18), Bureau | 17, 18) Bureau of
Section 18, | of Land | tand ¢ & .
Section | Shale No. 1- | Management iManagement , ' : .
73 17 36 (Sec 20) | (Sec 20) " .Junderground [1960  ‘[2002 .|d 22.00 _[recldimed..
Rio Algom (Sec .| Rio Algom' (Sec : o
19), Bureau of 19), Bureau of: ‘
Land Land ¢ -
Section Management Management 1994 June Quivira
74 19 Section 20 (Sec 20) | .(Sec 20) underground | 1962 2002 |d 19.00 recldimed
Section R RS e o . ,|1994 Jung! Quwlra
75 22 ‘Rio Algom . Rio Algom - underground '[1958  '[2002 |d 37.00 s rec!almed i
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Fig. 1 ' ]
index MINE SURFACE MINERAL MINING 1% ‘LAST . o -
no.  NAME ALIASES OWNERSHIP OWNERSHIP METHOD YEAR |{YEAR | PRODUCTION | DISTURBED [ RADIATION RECLAMATION
C ' 1991 August:.
buildings,
headframe, hoist
equipment, IX plant
& trash removed,
building material -
‘ buried on site, IX
i plant disposed at
R Grants mill site,
shaft backfilled &
sealed with
reinforced concrete
shaft, boreholes
__ . RS backfilled and
Section : “Newmont :Mining : . |capped with .
76 23 Rig Algom Carp. - underground {1959 1989 |d 100.00 .|concrete
Rio Algom (Sec | Rio- Algom (Sec : s
24), Bureau of 24), Bureau’ of
Section 24 Land Land ‘ o
Section and 26, -1 Management Management 1994 June Quivira
77 24 Mine No. 24 | (Sec 26) (Sec 26) underground {1959 2002 |d 26.00 reclaimed . -

] 1991-August.:
buildings, -
headframe; hoist

*equnpment IX plant
& trash removed;
bunfdlng material
buried on site, IX
plant dlsposed at
. Grants mill sne
B b
Homestake "
Homestake | Mining Co., |boreroles backﬁlled
Section | Sapin No. Elbert Roundy Newmont Mi |ng & cap‘)ped W|th
78 25 25 Ranch a Corp "l underground ] 1958 1990 Id 115.00 concrete I%:t
Hanosh, T it
Indian '
Section Allotment, . surface, open pit
79 26 Desidero Navajo Allotee Navajo Allotee. underground | 1952 1980 |d 15.24 1,800 cps
Section United Schmitt .
80 27 Nuclear Ranches Hecla -Minihg ] underground | 1967 1981 |d 15.00

. ’v_\.
1

:

.
| .
1
i

i
i

Vi T
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Fig. 1
index | MINE SURFACE MINERAL MINING 1%t | LAST Rk
no. NAME ALIASES OWNERSHIP OWNERSHIP METHOD YEAR | YEAR | PRODUCTION | DISTURBED RADIATION | -
Section _ _ b : ' :
81 30 West Rio Algom ’Rio‘ Algor‘n_ 7. |underground {1970 2002 |d. 26.00
Carter 1-36, IR ;
Section 29,
Section | Mining Unit , .
82 30 - 30 Rio Aigom ‘junderground- 1958 2002 - |d 44.00
o " [shaftbackfilled &

' capped with
reinforced concrete,
containment berms

United dozed into ponds,
Western, earthwork to.
. UP-HP, State Land ’ reconfigure/cover
Section | Section 29, | Office (Sec 32), | State Land Office waste piles,
83 32 Section 31 private (Sec 32), private | underground | 1958 1982 |d 60.00 placement of to
Mining Unit ’ '
33,
Section Branson, . 1994 June Quivira
84 33 Section 29 Rio Algom Rio Algom . ‘lunderground |1959 ‘12002 id 28.00 reclaimed
Section Elizabeth, R P '
85 35 Section 36 Rio Algom Rio Algom underground '| 1971 2002 |d 40.00
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Summary of mines by mine worklng mode and productlon categorles '

Ref. 61

: s:‘i,‘i"’;i‘:::.l

Mine workings mode category

_‘Production category

Number of mines

: <20 OOO Ibs U30g 10 |

Surface -20,000—200,000 ibs U304 5]
-["200;000=2 million Ibs U30g 1

, +20,0002200;000 lbs U303 )

Surface and underground 200,000—:2 million Ibs U3Og 3

1 2 million —20 million Ibs U304 1

: <20,000 Ibs UsOs 5

Underground 20,000 — 200,000 Ibs U5Os 15

: 200, 000;32 million Ibs U30g 20

' 2 million <20, 000 million ibs U30g 19
TOTAL ' 85

Notes:

Fig_index no. = reference number that has been assngned to mines on figures within this document

MINE NAME = “popular name”
ALIASES = alternate mine names

SURFACE OWNERSHIP = Surface ownershlp

g1

MINERAL OWNERSHIP = Mineral ownership.”

MINING_MET = surface, underground,.or in-situ Ieach [see Figure 1]
1 YEAR = Year of first uranium productlon : '
LAST YEAR = Year of final uranium productlon (does not indicate contlnuous production)
PRODUCTION = NMBGMR production categones [see Figure 1].

cC ST T OQOD

> 20 million lbs, U308
2 - 20 million’ Ibs U308 V

200,000 -2 million Tbs U308

20,000 - 200,000 Ibs U308 ‘

< 20,000 Ibs U308 " . ‘

included with another mlne —
production unknown o '

. P
Gt
NS TS




. . “
e : : e g

Pre ry Assessment of the San Mateo Creek Legacy Uranium Sités
New ..._aico Environment Department Ground Water Quality Bureau Superfund Oversight 5 _.on
March 2008 -

DISTURBED = Extent of disturbance in acres *
RADIATION = any known radiological measirements at the site
RECLAMATION = reclamation details, i_nCIu'di<ng dates, actions/abatement completed , . f

5 :
, i
;
;
d
i
B
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Table 2: ACLs for the Anaconda Bluéw}it'e‘i' Uranium Mill in comparison to ground water regulation standards

Alluvial aquifer

. SMaximum, .

Contaminant ACL (mg/l; New Mexico Water
Ref. 35, p. 4) Contammant Quality Commission
:Limit- (MCL (NMWQCC) standards
[page number in | (mg/l ({(page number in
Ref 9]) Ref. 11])
Molybdenum | 0.10 NA 1.0 [13]
Uranium -0.44 (300 | 0. 30* [431] L 0.30 [12]
pCi/L) L
Selenium 0.05 : 0 05 [428] 0.05 [12]
San Andres aquifer STt
Contaminant | ACL (mg/l; MaX|mum New Mexico Water.
Ref. 35, p. 4) Contammant Quality Commission
. Limit (MCL (NMWQCC) standards
[page number in | (mg/l ([page number in
. Refl 9]) : + Ref.11])
Selenium 10.05 0055[428] s 0.05 [12] o
Uranium 2.15 0.30[431]~ 0.30 [12] - f

*converted from micrograms per liter (ug/l; 'Ref."t62)
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Table 3: CERCLIS status of in

'y Assessment of the San Mateo Creek Legacy Uranium Sites
Quality Bureau Superfund Oversight S._.un

di.;fvidua__l,s,it‘es‘ within the Site boundary

Ref. 36 : T
Site name CERCLIS ID ‘| Reference Actions Date Reference |
s page : completed page
Brown Vandever Mine NND986669117: 1 | Discovery 03/01/1990 2
R : Preliminary Assessment | 07/17/1990
Archive site 12/10/1992
. Site inspection 12/10/1992
Anaconda Co Bluewater NMDO007106891 3 Discovery 04/01/1980 4
Uranium Mill L Archive site 04/01/1980
; Preliminary Assessment | 04/01/1980
Haystack Butte Mining District | NMD98087877 1 5 Discovery 09/01/1984 6
’ S Preliminary Assessment | 11/01/1984
Archive: site 12/01/1985
- Site inspection 12/01/1985
Kerr-McGee Nuclear Corp NMDO005570015 7 Discovery 02/01/1980 8
e Archive site 02/01/1981
Fi T Preliminary Assessment | 02/01/1981 . e
Mt. Taylor Uranium Mine 1 NMD000778605 9 Preliminary Assessment | 04/01/1981 10 - = [
A A Discovery 05/01/1981
Site inspection 04/01/1986
I T Archive Site 09/26/1994
Poison Canyon Mining District | NMD981600489 11 Discovery 12/01/1986
| T Preliminary Assessment | 08/01/1987
Archive site 10/01/1989
, ‘Site inspection 10/01/1989
UNC San Mateo Mine NM1223075515. 13 Discovery 06/30/1988
Preliminary Assessment | 01/20/1989
Archive Site 12/07/1995
: T , Site inspection 12/07/1995
Febco Uranium Mine NND986669166 15 Discovery 07/16/1991
e B 2 - Preliminary Assessment | 06/11/2001
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Site name | Reference Actions Date Reference |
R page completed page |
Homestake Mining Company NMDOO7869935 17 NPL listing 09/08/1983 18
' S ROD 09/27/1989 18
Five year review 09/27/2001 17
Five year review 09/26/2006 17
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Table 4: Analytical data from the.P0|son Canyon Mmmg Dlstrlct |
Ref. 40, p. 2 .

Location |z ™ |Th232 |Thm ;I:Ram | Pb21o | Vanadium [ Lead | Copper
Back round
A 5.53 6.80 | 0.50 6 86 [6.30 |660 |6 <5 5
B 4.24 443 [0.81. {488 [450 [2.20 |6 7 8
BJ #3A 1.29 1.22 | 0. 40 3 23 '3‘ 92 [2.00 |12 6 9
BJ 4.64 4.92 15 9 9
Stream A S
“Stock 61.50 |65.50 88 63 |11
pond” R e : : 5
Waste rock/soils

| BJ #1 890.00 | 910 1150 | 1060 | 860 | 830 74 9
BJ #3B 140 142 175172 |93 |66 5 <5
BJ #3C 5840 | 5730 '5990 | 5600 .. 4320 |260 - - | 310 |<5

Notes:

Ua3g = uranium 238
Uaza4 = uranium 234
Thos, = thorium 232 s b
Thazp = thorium 230 S
Ragge = radium 226 o
Pby1o = lead 210

pCi/lg = picocuries per gram
Mg/g = micrograms per gram
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Table 5: Ground water usage from wells WIthln the Site boundary
Ref 58 : Lo

TOTALS

GéoUNb?WAfER USAGE

Consumptive

' *| Single domestic wells

203

“Multiple domestic and community wells

10

Irrlgatlon sanitary, industrial, and stoc'
wells )

- 213

241

Other well usages (|nclud|ng dewaterlng,_
exploration, mining, milling, oil, monltorlng,
recorded use of right, observation, ‘" -
prospecting, construction, and no documented, S
usage category)

J
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1/13065
ENVIRONMENTAL PROTECTION AGENCY

40 CFR Part 300

[FRL-3730-81]

RIN 2050 aB73

Hazard Ranking System

AGENCY: Envirommental Protection Agency.

ACTION: Final rule.

SUMMARY: The Environmental Protection Agency (EPA) is adopting revisions
to the Hazard Ranking System (HRS), the principal mechanism for placing
sites on the National Priorities List (NPL). The revisions change the way
EPA evaluates potential threats to human health and the environment from
hazardous waste sites and make the HRS more accurate in assessing
relative potential risk. These revisions comply with other statutory
requirements in the Superfund Amendments and Reauthorlzatlon Act of 1986

(SARA) .

DATES: Effective date March 14, 1%91. As- dlscussed in Sectlon ITI H of
this preamble, comments are 1nv1ted on the addition of specific ~
benchmarks in the air and soil exposure pathways until January 14, 1991.

ADDRESSES: Documents related to this. rulemaklng are available at and .
comments on the specific benchmarks in the air and soil exposure pathways
may be mailed to the CERCLA Docket Office, 0S-245, U.S. Environmental
Protection Agency, Waterside Mall, 401 M Street, SW, Washington, DC
20460, phone 202-382-3046. Please send four COpies of comments. The
docket is available for viewing by-appointment only from 9:00 am to 4:00
pm, Monday through Frlday, -excluding. Federal. holldays. The docket number
is 105NCP-HRS. = . e e

FOR FURTHER INFORMATIDN CONTACT- StevewCaldwell or Agnes-Ortlz, Hazardous
Site Evaluation Division, Office of Emergency and Remed1al Response,’
0S-230, U.S. Environmental -Protection Agency,-401 M Street, SW, -
Washington, DC 20460, or the Superfund Hotline at" 800- 424 9346 (in the-
Washington, DC area, 202-382-3000). _

SUPPLEMENTARY IN?ORMATION:
Table of Contents
I. Background
II. Overview of the Final Rule
III. Discussion of Comments

A. Simplification

B. HRS Structure Issues

C. Hazardous Waste Quantity

D. Toxicity
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http://www.epa. qov/superﬁjn'd/sites/npl/hrsres/too!é/scdm htm -
Last updated on Wednesday, November 28th 2007
National PI’IOHt es L|st‘(NPL) o

You are here: EPA Home Superfund Sites' National Priorities List'(NPL)' HRS T.oo-l‘b'ox
Superfund Chemical Data Matrix (SCDM)

Superfund Chemical Data Matrix (SCDM)

The Superfund Chemical Data Matrix (SCDM) is a source for factor values and benchmark
values applied when evaluating potential National Priorities List (NPL) sites using the Hazard
Ranking System (HRS). Factor values are part of the HRS mathematical equation for

~ determining the relative threat posed by a hazardous waste site and reflect hazardous
substance characteristics, such as toxicity and persistence in the environment, substance
mobility, and potential for biocaccumulation. Benchmarks are environment- or health-based
substance concentration limits developed by or used in other EPA regulatory programs. SCDM

. contains HRS factor values and benchmark values for hazardous substances that are. .. : ..

- frequently found at sites evaluated using the HRS, as well as the physical, chemical, and’-
radiological data used to calculate those values. The accompanying SCDM Methodology = .....0.-
report describes how data are selected or calculated for inclusion in SCDM and how SCDM

_- data, HRS factor values, and benchmarks are-presented in formatted printouts.

On January 28, 2004, EPA released an updated SCDM with many revisions to the HRS factor

" values and benchmarks. These revisions were necessary both because of updates in the
SCDM procedures used to assign HRS factor values and.benchmarks and because of revisions-
to pertinent standards and criteria for individual hazardous substances and their associated .
characteristics.

-You:will need Adobe Acrobat Reader to view some of:the files on this péige.
See EPA's PDF page to learn more. about PDF, and for link to the free Acrobat

o e s

= L-il":-fgsgpeﬁund Chemical Data Matrix Report-: - "
* SCDM Methodology Report PDF
* Part 1 - Table of Contents and Introduction (PDF) (5 pp, 283.3K)
+ Part 2 - Data Selection Methodology (PDF) (22 pp, 1.9MB)
* Part 3 - Calculations in SCDM (PDF) (28 pp, 1.19MB)
* Appendix A - Chemical Data, Factor Values, and Benchmarks for Chemical Substances
PDF
Part 1 - Acenaphthene to Cesium (PDF) (70 pp, 1.62MB)
* Part 2 - Cesium 137(+D) (radionuclide) to Dichloropropane, 1,2 (PDF) (70 pp,
1.66MB)
* Part 3 - chhloropropene 1,3-to Hexachlorodlbenzofuran 1,2,3,7,8,9 (PDF)
pp, 1.65MB)
* Part 4 - Hexachlorodibenzofuran 2,3,4,6,7,8- to Plutonium 236 (radionuclide)
(PDF) (70 pp, 1.57MB)
" * Part 5 - Plutonium 238 (radionuclide) to Thorium 231 (radionuclide) (PDF) (70
pp, 1.60MB)
* Part 6 - Thorium 232 (radionuclide) to Zinc 65 (radionuclide) and Footnotes -

(PDF) (61 pp, 1.43MB)
* Appendix BI - Hazardous Substance Factor Values (PDF) (15 pp, 155. 8K)
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* Appendix BII - Hazardous Substance Benchmarks (PDF) (32 pp, 413.5K) e T
o +. Appendix C - Hazardous Substance Synonyms Report (PDF) (3 pp, 72.8K) = _ e
-+ .2e-SCDM Interim:Revised Values for Ammonia; Atrazine; Dibutyltin;:Furfural;: - -~ - <. <5
" 'Nitrobenzene; Nitrosodimethylamine, N-; Perchiorate; Tributyltin; Tributyltin Oxide; CoE
and Trichloroethylene (TCE) . .
Ammonia Appendix A (PDF) (7 pp, 190.69K) S
Ammonia Appendices BI & BII (PDF) (6 pp, 135.42K)
Atrazine Appendix A (PDF) (5 pp, 143.3K)
Atrazine Appendices BI & BII (PDF) (7 pp, 125.6K)
Dibutyltin Appendix A (PDF) (7 pp, 190K)
Dibutyltin Appendices BI & BII (PDF) (6 pp, 125.52K)
Furfural Appendix A (PDF) (5 pp, 201.2K)
Furfural Appendices BI & BII (PDF) (1 pg, 64.8K)
Nitrobenzene Appendix A (PDF) (5 pp, 205.2K)’
Nitrobenzene Appendices BI & BII (PDF) (1 pg, 50.7K)
Nitrosodimethylamine, N- Appendix A (PDF) (5 pp, 207.1K)
Nitrosodimethylamine, N- Appendices BI & BII (PDF) (6 pp, 137.7K)
Perchlorate Appendix A (PDF) (5 pp, 66.8K)
Perchiorate Appendices BI & BII {PDF) (7 pp, 59K)
Tributyltin Appendix A (PDF) (7 pp, 180.49K)
Tributyltin Appendices BI & BII (PDF) (6 pp, 127.49K)
Tributyltin Oxide Appendix A (PDF) (7 pp, 197.17K)
Tributyltin Oxide Appendices BI & BII (PDF) (6 pp, 129.29K)
Trichloroethylene (TCE) Appendix A (PDF) (7 pp, 182.75K)
Trichloroethylene (TCE) Appendices BI & BII (PDF) (1 pg, 36.62K)
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Please note that the January 2004 SCDM was developed by compiling a list of CERCLA
hazardous substances used in the scoring of NPL sites since 1990. The previous SCDM
versions were developed using all substances ever scored at a site using the original HRS.
The January 2004 SCDM does not include any substance that has not been used in the
scoring of a site since 1990, even if previously listed in SCDM.

There are 17 new entries (PDF) (1 pg, 41.3K) (with new CAS Numbers) in the January 2004
- 'version of SCDM that were not in the 1996 version. There are 235 fewer entries (PDF) (5 pp, . - - :
1 57.6K). Some of these changes resulted from new -naming conventions and more specific ~ - . =z 2 oas
‘identification of isomers-and congeners. Also, some substances were removed because they A T
- were pollutants and contamlnants and not CERCLA hazardous substances - Ve DT b MR L EE

NOTE:_PIease do not.assume that any substance not listed in the January 2004 SCDM cannot... . .7 - 7
be used for HRS scoring. The number of entries was reduced to save resources in developing, . - - . ==
updating, and tracking changes in chemical properties. If values are needed for a substance -

that was not listed in the January 2004 SCDM and are thought to be critical to the listing

decision, please request the value by calling the SCDM Helpline. As a preliminary value (for

screening purposes only), the former 1996 value associated with the substance can be used,

and EPA will verify the new value if necessary. For all technical questions concerning SCDM,

please contact the SCDM Helpline. ' :

For further technical SCDM information, contact:
SCDM Helpline

Available weekdays, 9:00 - 5:00 EST

Phone: (703) 461-2019

Email: SCDM@csc.com

For other SCDM m_formatlon, contact:
Ms. Yolanda Singer
US Environmental Protection Agency

httn:/larrw ena onv/ennerfind/cites/mnl/hreres/tnnle/ecdm htm n2/04/7008K
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National Hydrography Dataset (NHD) - High-resolution : Page 1 of 7

Natlonal Hydrography Dataset (NHD) __ngh-_ _-
"res'olutlon“ | g

Metadata also available as

Metadata: _. h

Identification Information

Data Quality Information

Spatial Data Organization Information
Spatial Reference Information

Entity and Attribute Information
Distribution Information

Metadata Reference Information

Identlflcanon Informatzon

Citation:
Citation_Information:
: Originator:
" U.S. Geological Survey in cooperation with U.S. Env1ronmental Protection

Agency, USDA Forest Service, and other Federal, State and local partners (see
dataset specific metadata under Data_Set_Credit for details).
Publication_Date: See dataset specific metadata.
Publication_Time: Unknown
. .Title: National Hydrography Dataset (NHD) - High- resolutlon
. -Geospatial_Data_Presentation_F orm. vector d1g1ta1 data
Publzcatzon _Information: ,
" Publication_Place: Reston V1rg1n1a
. Publisher: U.S. Geological Survey
. ~ - Online_Linkage: <http://nhd.usgs.gov> . . .
Descrzptton B 4 : e o
Abstract:
The National Hydrography Dataset (NHD) is a feature- based database that
interconnects and uniquely identifies the stream segments or reaches that make up the
nation's surface water drainage system. NHD data was originally developed at
1:100,000-scale and exists at that scale for the whole country. This high-resolution
NHD, generally developed at 1:24,000/1:12,000 scale, adds detail to the original
1:100,000-scale NHD. (Data for Alaska, Puerto Rico and the Virgin Islands was
developed at high-resolution, not 1:100,000 scale.) Local resolution NHD is being
developed where partners and data exist. The NHD contains reach codes for
networked features, flow direction, names, and centerline representations for areal
water bodies. Reaches are also defined on waterbodies and the approximate
" shorelines of the Great Lakes, the Atlantic and Pacific Oceans and the Gulf of
Mexico. The NHD also incorporates the National Spatial Data Infrastructure
framework criteria established by the Federal Geographic Data Committee.
Purpose:
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based on accuracy statements made for U:S=Geological Survey topographic
quadrangle maps. These maps were compiled to meet National Map Accuracy
‘Standards. For vertical accuracy, this standard:is met if at least:90 percent 0
well-defined points tested are within one- “half contour interval of the correct™"
value. Elevations of water surface printed on the published map meet this
standard; the contour intervals of the maps vary. These elevations were
transcribed into the digital data; the accuracy of this transcription was checked
by visual comparison between the data and the map. This statement is generally
true for the most common sources of NHD data. Other sources and methods - - -
may have been used to create or update NHD data. In some cases, additional
information may be found in the NHDMetadata table.

Lineage:
Process_Step:

Process_Description:
The processes used to create and maintain hlgh -resolution NHD data can be
found in the table called "NHDMetadata". Because NHD data can be
downloaded using several user-defined areas, the process descriptions can vary
for each download. The NHDMetadata table contains a list of all the process
descriptions that apply to a particular download. These process descriptions are
linked using the DuulD to the NHDFeatureToMetadata table which contains
the com_ids of all the features within the download. In addition, another table,
the NHDSourceClitation, can also be linked through the DuulD to determine the
sources used to create or update NHD data.

Process_Date: Unknown

" Process_Step:

Process_Description: See dataset specific metadata.

Spanal Data_Organization_Information:
Direct_Spatial_Reference_Method: Vector: IR
Pomt_and_Vector_Ob]_ept_Informathn_n B A

Spatial_Reference_Information:
Horizontal_Coordinate_System_Definition.:
Geographic:
Latitude_Resolution: 0.000001
Longitude_Resolution: 0.000001
Geographic_Coordinate_Units: Decimal degrees
Geodetic_Model:
Horizontal_Datum_Name: North American Datum of 1983
Ellipsoid_Name: Geodetic Reference System 80
Semi-major_Axis: 6378137.000000
Denominator_of_Flattening_Ratio: 298.257222
, Vertical_Coordinate_System_Definition:
‘. Altitude_System_Definition:
Altitude_Datum_Name: National Geodetic Vertical Datum of 1929
Altitude_Resolution: 0.1
Altitude_Distance_Units: meters

fila-IC AN A~imante and Qattinac\david mavarecan\l acal Sattinod\Temnararv Internet Files... 01/29/2008
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13020207 - Higl ssolution
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+  HYDRO_NET_Junctions- -

NHDPoint (FType)
@ Gaging Station. “ )

© SinkRise . R
O SpringSeep - o ‘
® wel S

NHDFlowline (FType). .
—= ArtificialPath
CanalDitch

Connector

StreamRiver

NHDLine (FType)

DamWeir

Nonearthen Shore

Subbasin (HUC_8, HU_8 :Name)

NHD, 15020004, Zuni. Arizona, Nevi Mexico.

NHD, 14080106, Chaco. Arizpna, New Mexico.

NHD, 13020207, Rio San Jose. New Mexico.

NHD, 13020204, Rio Puerco. New Mexico.

[:___l NHD, 16020006, Upper Peurco. Arizona, New Mexico.
NHD, 13020206, North Plains. New Mexico.

NHD, 13020205, Arroyo Chico. New Mexico.

NHD, 13020209, Rio Saldo. New Mexico.

NHDArea (FType)

| StreamRiver
Wash

LakePond :

Playa
é| Reservoir

SwampMarsh " o~




gway_78741_1 EDRG100K

Identlflcatlon”
Citation: -
Citation_ Informatlon
Originator: USDA/NRCS - Natlonal Cartography & Geospatial Center
Title: Enhanced Digital Raster Graphlc 30x60 1:100,000
Description: :
Purpose: The Enhanced DRG is useful .as a source or background layer in a GIS as
a means to perform quality assurance on other digital products, and as a source for
the collection and revision of vector data. The removal of the collar information -
allows the Enhanced DRGs to be edge-matched and displayed simultaneously in a
Geographic Information System.
Time_Period_of_Content:
Time_Period_Information:
Single_Date/Time:
Calendar_Date: 1963 - 1997
Status:
Progress: Planned
Spatial_Domain:
Bounding_Coordinates:
West_Bounding_Coordinate: -109.05017
East_Bounding_ Coordinate: -103.00196
North_Bounding Coordinate: 37.00029
South_Bounding_Coordinate: 31.33217.
Keywords: -
Theme:
Theme_Keyword_Thesaurus: Standard for Geospatial Dataset File Naming
Theme Keyword Digital Raster Graphic, DRG.
Place:
Place_Keyword_Thesaurus: GNIS
Place_Keyword: New Mexico
Place_Keyword: * .
Use_Constraints: - L Coee =l e e

The U.S. Department of Agriculture, Service Center Agencies should be
acknowledged as the data source. in products derived from these data.

This data set is not designed. for use as a primary regulatory tool in permlttlng .
or citing dec151ons, but may be used’ as -a reference source. This is public - ; -
information and may be interpreted by organlzatlons, agencies, units of government
or ‘others based:on-needs; however they are responsible for-the appropriate: oo
~,appl:.catlon Federal State,. ‘1 rqgulatory bodies are not to rea551gn:"
" Servi¢e Center Agencies any- aﬁthorlty'for the decisions that they make. The;Serv1ce
Center Agencies will not perform-any-evaluations of these data for purposes related
solely ‘to State or local regulatory programs . T A A ‘.‘1:¢“a o

Photographlc or digital enlargement of these data to scales greater than at
which they were originally mapped can cause misinterpretation of the data. Digital
data files are periodically updated, and users are responsible for obtaining the
latest version of the data. '

Point_of_Contact:
Contact_Information:
Contact_Organization_Primary:
Contact_Organization: National Cartography and Geospatial Center
Contact_Address: .
Address: 501 W. Felix St, Bldg 23
City: Fort Worth
" State_or_Province: Texas
Postal_Code: 76115
Data_Quality_Information:
Lineage:
Source_Information:
Source_Citation:
Citation_Information:
Page 1
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. 'Metadata_Date: 2004-09-29 e T DT -
Metadata_Standard_Name: SCI Minimum Compliance Metadata
Metadata_Standard_Version: SCI Std 003-02
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~_County_metadata

3 ‘ Identification Infor‘mat1 on:
. : Citation:
Citation_Information:
originator: C
U.S. Department of COmmerce
Bureau of the Census
Geography Division
Publication_bate: 2001 ' ‘
TitTe: TIGER/Line Files, Redistricting Census 2000
Edition: Redistricting Census 2000
Series_Information:
Serijes_Name: TIGER/Line Files
Issue_Identification: version (MMYY) represents the month and year file

created
Publication_ Informat1on
Publication_place: washington, DC
Publisher:
U.S. Department of Commerce
Bureau of the Census
. Geography Division
Description:
Abstract:
TIGER, TIGER/Line, and. Census TIGER are registered trademarks of the Bureau
of the Census. The Redistricting Census 2000 TIGER/Line files are an extract
of selected geographic and cartographic information from the Census TIGER
data base. The geographic coverage for a single TIGER/Line file is a county
or statistical equivalent entity, with the coverage area based on January 1, o
2000 legal boundaries. ‘A complete set of Redistricting Census 2000 TIGER/L1ne e
files includes all counties and statistically equivalent entities in the

‘ United
" States and Puerto Rico. The Redistricting Census 2000 TIGER/Line files will
not include files for .the Island Areas. The Census TIGER data base represents
a seam1ess national file with no overlaps or gaps between parts. However,

each
county based TIGER/Line file is designed to stand alone as an 1ndependent data
set or the files can be combined to cover the whole Nation. The Redistricting
Census 2000 TIGER/Line files consist of line segments representing physical
features and governmenta1 and’ stat1st1ca1 boundaries. The Red1str1ct1ng

Census : A o
: 2000 TIGER/L1ne f11es doﬂNOT conta1n the ZIP. COde Tabu1at1on Areas (ZCTAs) and -
the address ranges are of approx1mate1y the same vintage as thoSe appearing in
the 1999 TIGER/Line files. That.is, the Census Bureau is producing the
Red1str1ct1ng census 2000 -TIGER/Line f11es in advance .of. the computer
processing

that will ensure that the. address ranges in the TIGER/L1ne files agree with

the
final Master Address File (MAF) used for tabulating Census 2000. The files
contain
. information distributed over a series of record types for the spat1a1 objects
of a
county. There are 17 record tﬁpes 1nc1ud1ng the basic data record, the shape
coordinate points, and geographic codes that can be used with appropr1ate
software
to prepare maps. Other geographic information conta1ned in the files includes
attr1butes such as feature identifiers/census feature class codes (CFCC) used

differentiate feature types, address ranges and ZIP Codes, codes for legal and
statistical entities, latitude/longitude coordinates of linear and point

features,
Tandmark point features, area landmarks, key geographic features, and area
boundaries._ The Redistricting Census 2000 TIGER/Line data dictionary contains
" a complete list of all the fields in the 17 record types.
Purpose:
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County_metadata A
In order for others to use-the-inforiiation-Fnithe: ‘Census TIGER data base in a
geographic information system (GIS) or:for -other geographic applications, the
Census Bureau releases to the public extracts of the data base in the form of
TIGER/Line files. Var1ous vers1ons of the TIGER/L1ne f11es have been

@

released;

previous versions include the 1990 census TIGER/L1ne files, the 1992
TIGER/Line

files, the 1994 TIGER/L1ne f11es, the 1995 TIGER/L1ne f11es the 1997
TIGER/Line

files, the 1998 TIGER/L1ne f11es and the 1999 TIGER/L1ne f11es The
Redistricting

0 Census 2000 TIGER/Line files were originally produced to support the Census
200 :

Redistricting Data Program.
supplemental_Information:
To find out more about TIGER/Line files and other Census TIGER
data base derived data sets visit http://www.census.gov/geo/www/tiger.
Time_Period_of_Content:
Time_Period_Information:
Single_bate/Time:
' Calendar_bate: 2000

currentness_ Reference 2000
Status: v o
. Progress: Comp1ete

“Maintenance_and_Update_ Fréquency: -
TIGER/Line files are extracted from the Census TIGER data base when needed for
- geographic programs_required to support the census and survey programs of the
~‘Census Bureau. No changes or updates will be made to the Redistricting Census
g 2000 TIGER/Line f11es Future releases of TIGER/Line files will reflect :
updates
made to the Census TIGER data base and will be released under a version
number1ng . .
system based on “the month and year the data is extracted.
Spatial_bomain:
Bound1ng_Coord1nates
~West_Bounding_Coordinate: - +131. 000000
‘East_Bounding_Coordinate: -64.000000
. North_Bounding_Coordinate: +72.000000
=South_ Bound1ng_Coord1nate —15 000000 L
Keywords el o o
~Theme: g ’ y
-7 Theme_ Keyword Thesau on
Theme_Keyword: -Line:Feature .-

- ,n_

Theme_Keyword:
Theme_Keyword:
Theme_Keyword:
Theme_Keyword:
Theme_Keyword:
Theme_Keyword:
Theme_Keyword:
Theme_Keyword:
Theme_Keyword:
Theme_Keyword:
Theme_Keyword:
Theme_Keyword:
Theme_Keyword:
Theme_Keyword:

Theme_Keyword:
Theme_Keyword:
Theme_Keyword:
Theme_Keyword:
Theme_Keyword:

Feature: Ident1f1er Lot
census - Feature” ’?Code'(CFCC)
Address Range™#:i7r e c
Geographic Ent1ty
Point/Node’ .
Landmark Feature
Political Boundary
Statistical Boundary
Polygon

County/County Equivalent
TIGER/Line

Topology

Street CenterTine
Latitude/Longitude

ZIP Code

vector

TIGER/Line Identification Number (TLID)
Street Segment

coordinate

Page 2
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L County_metadata
" Therel Keyword “Boundary * _ e s o T PRl
Place: ~ . . R S ’
P1ace_Keyword_Thesaurus. .
FIPS Publication 6-4
FIPS Publication 55
Place_Keyword: United States
Place_Keyword: Puerto Rico
Place_Keyword: County
Access._cConstraints: None
Use_Constraints:
None. Acknowledgment of the U.S. Bureau of the Census would be appreciated for
products derived from these files. TIGER, TIGER/Line, and Census TIGER are
registered trademarks of the Bureau of the Census
Native_Data_Set_Environment:
TIGER/Line files are created and processed in a VMS environment. The
environment
consists of two Alpha Server 8400s clustered together running OpenvMs version
6.2-1H3 used for production operations. The Census TIGER system is driven by
DEC command language (DCL) procedures which invoke C software routines to
extract
selected geographic and cartographic information (TIGER/Line files) from the
operational Census TIGER data base. L
Data_Quality_Information: _ o . oA S
Attribute_Accuracy: . T : B
Attribute_Accuracy_Report: S A-»3,f? T
Accurate against Federal information Processin Standards ST
(FIPS), FIPS Publication 6-4, and FIPS-55 at the 100% Tevel. for the codes and

base

011 names. The rema1n1ng attribute information has been examined but has not been
ully A
tested for accuracy.

Logical_consistency_Report: L
The feature network of 1ines_(as represented by Record Types 1 and 2) is compete
for census purposes. Spatial objects in TIGER/Line belong to the "Geometry and
Topo1ogg" (GT) class of objects in the "Spatial pata Transfer Standard” (SDTS)
FIPS Publication 173 and are topologically valid. Node/geometry and topo1ogy

. (GT)- po]ygon/cha1n re1at1onsh1ps are collected or generated to sat1sfy
“topological

edit requ1rements These requ1rements 1nc1ude

.. .* Ccomplete. chains must: begin and end at.nodes. .".. .

. - * completé.‘chains must connect to. each-other: ar. no_

": % complete chains. do not extend through nodes. -

* Left. and .right. GT- po1Kgons are defined for each. comp1ete cha1n e]ement and are
consistent throughout the extract process. R
"* the chains ‘representing the limits of the files-are- free: of gaps

] The Census Bureau performed automated tests to ensure logical consistency and .

imits

of files. All po1ygons are tested for closure. The Census Bureau uses its

internally

g developed Geographic Update System to enhance and modify spatial and attr1bute

ata in

the Census TIGER data base. Standard geographic codes, such as FIPS codes for
states,

counties, municipalities, and places, are used when encoding spatial entities.

The .
Census Bureau performed spatial data tests for logical consistency of the codes

durin
ge compilation of the original Census TIGER data base files. Most of the Codes
themselves were provided to the Census Bureau by the USGS, the agency
responsible for
b maintaining FIPS 55. Feature attribute information has been examined but has not
een
fu11y tested for consistency.
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County_metadata

VComp1eteness~Report ’ : Yy o
-~ Data comp1eteness of the TIGER/L1ne files reflects the" contents of the Census~

TIGER
"~ data base at the time the TIGER/Line files (Redistricting Census 2000 version).

were
created.
- Positional_Accuracy:
Horizontal_Positional_Accuracy:
Horizontal_positional_Accuracy_Report:
The information present in these files 1is provided for the purposes of
statistical )
n _analysis and census operations only. Coordinates in the TIGER/Line files S
ave six
implied decimal places, but the positional accuracy of these coordinates is
not as
b th great as the six decimal places suggest. The positional accuracy varies
with the . .
source materials used, but generally the information is no better than the
established .
national map Accuracy standards for 1:100,000-scale maps from the U.S.
Geological
survey (USGS); thus it is NOT suitable for high-precision measurement
applications
such as eng1neer1ng prob]ems property transfers, or other uses that m1ght
requ1re ' : :
highly accurate measurements of the earth s surface - The USGS
”1 100,000-scale maps
met national map accuracy staridards and use coord1nates def1ned by the North -
American Datum, 1983 For the contiguous 48 States, the cartographic
fidelity of :
most of the Red1str1ct1ng Census 2000 TIGER/Line files, in.areas outside the .
1980 census Geograph1c Base File/bDual Independent map Encoding (GBF/DIME) ’

file

" coverage and se]ected other large metropo11tan areas, compare favorable with
the
USGS 1:100,000-scale maps. The Census Bureau cannot specify the accuracy of
features inside of what was the 1980 GBF/DIME F11e coverage or se1ected
metropo11tan o
S .. areas. The Census Bureau added updates- to the TIGER/L1ne f11es that .
-enumerators - . - '
DL ) gnnotated on maps sheets prepared from~the Census TIGER data base as they
‘*attempte Sy
o to traverse every street feature shown on the Census 2000 map sheets, the

** census’ :
R Bureau a]so made other corrections from updated map sheets supplied by 1oca1
- 'd participants for Census Bureau programs. The -locational “accuracy -of these
updates

' is of unknown quality. 1In addition to the Federal, state, and local
sources,

portions of the files may contain information obtained in part from maps and

other materials prepared by private companies. Despite the fact the
TIGER/Line

data positional accuracy is not as high as the coordinate values imply, the

1 . six-decimal place precision is useful when producing maps. The precision

allows

features that are next to each other on the ground to be placed in the
correct

position, on the map, relative to each other, w1thout overlap.

Lineage:
Source_Information:
Source_Citation:
Citation_ Informat1on:
originator:
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County_metadata
U.S. Départment of Commerce o EA T
Bureau of the Census - SR
Geography Division
Publication_pate: Unpub11shed mater1a1
Title: Census TIGER data base
Edition: Red1str1ct1n? census 2000
Type_of_Source_Media: on lin .
Source_Time_Period_of_Content
Time_reriod_Information:
Single_bDate/Time:
Calendar_bate: 2000
Source_currentness_Reference: Date the file was made available to create
TIGER/Line File extracts.
Source_cCitation_Abbreviation: TIGER
Source_cContribution:
Selected geographic and cartograph1c 1nformat1on (1ine segments) from
] the Census TIGER data base.
Process_Step:
Process_pescription:
In order for others to use the information in the Census TIGER data base in
a GIs or for other geographic applications, the Census Bureau releases

periodic ) , o )
extracts of selected information from the Census TIGER data base, organized
as
- topoTogica11y consistent networks.~1$oftware:(TIGER-DB routines) written by---
the :

Geography Division allows for efficient access to Census TIGER system data.

TIGER/Line_files are extracted from the Census TIGER data base by county or v

‘statistical equivalent area. Census TIGER data for a given county or
statistical

equivalent area is then distributed among 17 fixed length record ASCII
files, each

one conta1n1ng attr1butes for either Tine, polygon, or Tandmark geograph1c

data
¢ types. The Census Bureau has released various versions of the TIGER/Line
iles »
since 1988, with each version having more updates (feature and feature
names, ’ : L ' ' ST
2 ) address ranges and zIP codes, coordjnatevupdates,“revised.fie]dudefin1t1ons“

than the prev1ous version. = - : R
SOurce Used. C1tat1on_Abbrev1at1on Census.
-Process_pate: 2000 - o

Spat1a1 Data 0rgan1zat1on Information:
Indirect_Spatial-Reference:
Federal Information Processing Standards (FIPS) and feature names
and addresses.
Direct_Spatial_Reference_Method: vector
Point_and_vector_object_Information:
SDTS_Terms_Description:
SDTS_Point_and_Vector_Object_Type: Node, network
Point_and_vector_object_Count: 570 to 56,000
SDTS_Point_and_vector_Object_Type: Entity point
SDTS_Point_and_vector_Object_Type: Complete chain
Point_and_vector_oObject_Count: 790 to 83,000
SDTS_Point_and_vector_Object_Type: GT-polygon composed of chains
Point_and_vector_object_Count: 290 to 33,000

'IGER data base

Spatial_ Reference_information:

Horizontal_coordinate_System_Definition:
Geographic:
Latitude_Resolution: 0.000458
Longitude_Resolution: 0.000458
Geographic_Coordinate_uUnits: Decimal degrees
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~ County_metadata
Entity and_Attribute_ Informat1on' e ey
Ooverview_Description::
Ent1ty_and_Attr1bute 0verv1ew
The TIGER/Line files contain .data.describing three major"
types of features/entities;
Line Features -
1) Roads
2) Railroads
3) Hydrography '
11 4) Misce?1aneous transportat1on features and selected power "1ines and pipe
ines
5) Political and statistical boundaries
Landmark Features -
1) Point landmarks, e.g., schools and churches.
2) Area landmarks, e.g. "parks and cemeteries.
3) Key geographic Jocations (KGLs), e.g., shopping centers and factories.
Polygon features -
1) Geographic entity codes for areas used to tabulate the Census 2000 census
statistical data and 1990 geographic areas
2) Locations of area landmarks
3) Locations of KGLs
The Tine features and polygon information form the majority of data in the
TIGER/Line
¢ files. some of the data/attr1butes descr1b1ng the T1ines include coord1nates
eature
- ddentifiers: (names) CFCCs (used to 1dent1fy the most noticeable - -
characteristic ofa - )
feature), ‘address ranges, and geographic entity codes. “The TIGER/Line files
contain _
point and area 1abe1s that describe landmark features and provide 1ocat1ona1

reference.
e : “Area landmarks consist.of a. feature. name or label and feature type assigned to( ' :
a polygon
] or group of po1ygons Landmarks may overlap or refer to the same set of
olygons.
P dyg The Census TIGER data base uses collections of spatial objects (points, Tines, .
and -
H po1ygons) to mode1 or descr1be rea1 -world geography The Census Bureau uses -
imiso-. these i - o
' _ spat1a1 obJects to represent features such as streets r1vers, and po11t1ca1 e
'3*~boundar1es~~u-u~ g : :
‘ and assigns attr1butes~t
features - :
such as the 500 b1ock of Market Street 1n Ph11ade1ph1a Pennsy]van1a
Entity_and_Attribute_Detail Citations =~ o . .
U.S. Bureau of the -Census;-TIGER/Line. f11es, . o
Redistricting Census 2000 Techn1ca1 Documentat1on The TIGER/Line
documentation
defines the terms and definitions used within the files.
Distribution_information:
Distributor:
Contact_information:
Contact_organization_Primary:
Contact_Organization:
U.s. Department of Commerce
Bureau of the Census
Geography Division
Products and Services Staff
contact_Address:
Address_Type: Physical address
Address: 8903 Presidential Parkway, WP I
City: upper Marlboro
State_or_Province: Maryland

.hese features to 1dent1fy and descr1be spec1f1e . :;JJ
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County_metadata

. -Postal_Code: 20772 e
~contact_voice_Telephone: . (301) 457-112
y Contact_Address: o
Melp T Address_Type: Mailing address
Address: Bureau of the Census
City: washington
State_or_Province: District of Columbia
Postal_cCode: 20233-7400
Contact_voice_Telephone: (301) 457-1128
Contact_Facsimile_Telephone:
(301) 457-4710
Contact_Electronic _Mail_Address: t1ger@census gov
Resource_Description: Redistricting Census 2000 TIGER/Line Files
Distribution_Liability:
No warranty, expressed or implied is made and no 1iability is
assumed by the U.S. Government 1n general or the U.S. Census Bureau in specific

as
n 1%0 the positional or attribute accuracy of the data. The act of distribution
sha
not constitute any such warranty and no responsibility is assumed by the U.S.
Government in the use of these files.
Standard_order_Process:
Digital_Form:
Digital_Transfer_Information:
Format_Name: TGRLN (compressed). -.
Format_version_Number: Red1str1ct1ng Census 2000
Format_version_Date: 2000 ,
" File_Decompression_Teéchnique: PK—ZIP}’VersTon"l.93A or higher
pigital_Transfer_option: o
online_oOption:
" . Computer_cContact_Information:
Network_Address: _
Network_Resource_Name: www.census.gov/geo/www/tiger
Fees:
The online copy of the TIGER/Line files may be accessed without charge. See
http://www. census. gov/geo/www/tiger for information on availability on
CD-ROM/DVD v
* and associated costs for these products
-ordering_Instructions: )
To obtain more 1nformat1on about order1ng TIGER/L1ne files v1s1t ) L
httﬁ //Www . CERsuUS. gov/geo/www/t1ger P ST e s
A "Technical_Prequisites: The. Red1str1ct1ng Census 2000 TIGER/L1ne files: conta1n
I geograph1c .
. data on1y and do not 1nc1ude d1sp1a
R A - o -
1ist of vendors who have deve1opedﬁsgffWare,capab]e of process1ng TIGER/Line

’"pp1ng software or stat1st1ca1 data.

files R
can be found by visiting http://www.census.gov/geo/www/tiger
Metadata_Reference_Information:
Metadata_bDate: 2000
Metadata_Contact:
Contact_Information:
Contact_Organization_Primary:
Contact_Organization:
U.S. Department of Commerce
Bureau of the Census
Geography Division
Products and Services Staff
Contact_Address:
Address_Type: Physical Address
Address: 8903 Presidential Parkway, wP I
" City: Upper Marlboro
State_or_Province: Maryland
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( County_metadata
t o HimePostalicodesz20772
Jcontact-Voice. Te1ephone (301) 457-1128 o
Contact_Electronic_Mail_Address: tiger@census. gov
- -7 Metadata_Standard_Name: FGDC Content Standards for: D1g1ta1 Geospat1a1 Metadata
Metadata_Standard_version: 19940608
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IMPACTS OF URANIUM MINING ON
SURFACE AND SHALLOW GROUND WATERS
GRANTS MINERAL BELT, NEW MEXICO
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~ Steven ). Cary

NEW MEXICO ENVIRONMENTAL IMPROVEMENT DIVISION
’ - SANTA FE, NEW MEXICO

SEPTEMBER, 1986

Denise Fort, Director
Environmental improvement Division

Ernest C. Rebuck, Chief
Ground Water Hazardous Waste Bureau



Evaluation of hydraulic relationships between surface waters and shallow

) ground watersinthetwo:districts.

.4, Characte.riiation of chemical.and hydraulic impacts of mine dewatering . -
~ effluents on surface waters and shallow ground waters in the two districts.

5. Analysis of the vulnerability of shallow ground waters in the two districts to
contamination from uranium industry activities. '

6. Characterization of the quality of runoff from uranium mine waste piles.
The second goal of this assessment is to develop recommendations for the solution
of identified problems. Strategies evaluated for controlling pollution from uranium
mining sources are :
1. Application of the federal National Pollutant Discharge Elimination System
(NPDES) permits and of state surface and ground water quality regulations to
address water pollution problems in the Grants Mineral Belt.

- 2. Use of the Resource Conservation and Recovery Act (RCRA) and the federal
© "Superfund” to mitigate uranium mining impacts on water quality. ‘

3. Use of state radiation protection regulations as water poliution contro! tools.” -

4. Use of land treatment practices to prevent nonpoint source pollution from
uranium mine waste piles. o :

2.3 AREAL DESCRIPTION

. 2.3.1. Location and Major Features

..+ The GrantsMineral Beltis an approximately rectanqular areain northwest__N_e;\_)yj?‘
¢ .NTéxico;-encompassing portions of McKinley, Cibola, Sandoval, and Bernalillo " =
i caunties. The Mineral Beltis approximately 100 miles fong and 25 miles wide- =

“¥ofon thé map.

(Figure Z.T). The name "Mineral 3elt” refers primarily to the uranium ore found.in

~~~~~ .y

Ihisarea. Locations of uranium mining areas within the Mineral Belt are indicated-Z*

The Belt encompasses portions of the Laguna and Canoncito Reservations alongits
southeast extent, and a corner-of the Navajo Reservation at its northwest extent.
Interstate-40 lies to the south of the Mineral Belt; located along I-40 are the local
population centers of Grants-Milan and Gallup. Smaller communities in the area
include Crownpoint, San Mateo, and Laguna. Just north of the Grants Mineral Belt
is Chaco Canyon, a National Monument noted for its ancient puebio ruins.

Major topographic features in the area include the Zuni Mountains southeast of
Gallup, the Cebolleta Mountains in the southeast corner of McKinley County, and
Mount Taylor northeast of Grants. The Continental Divide cuts approximately
through the middle of the Belt, with stream coursés to the east (e.g., Rio Paguate,
Rio Moquino, and San Mateo Creek) being part of the Rio Grande drainage and
stream courses to the west (e g. Puerco River, and Coyote Wash) part cof the
Colorado River drainage. Characteristic landforms incluge rugged mountains,



fo

, canyons, lava
- flows, volcanic cones, buttes‘;"a__nd arroyos.” i ' o

broad, flat valleys, mesas, cuestas, rock terraces, steep e ts

2.3.2. Climate and'VeqefatiOn

The climate in the region is arid to semiarid. Annual precipitation is 20-to-30 inches
in the mountain areas and 8-to-10 inches in the lower areas. The' majority of
precipitation occurs in the summer as brief, intense thunderstorms. Mountain areas
usually receive significant amounts of snow in the winter. Evaporation exceeds
precipitation throughout the region.

Potential evapotranspiration is more than 30 inches of water in an average year.
Because less than 17 inches of precipitation on the average is received annually,
there is a large net water deficit. Although small water surpluses occur in winter
(December thru February), large water deficits are incurred during the remainder of
the year. The deficit is greatest during the warm growing season months of June
through September. ' ‘ 8 ‘ '

Vegetation of the region is typical of that of other semiarid climates of the

~ Southwest. Most of the low-lying area is grasstand with some cacti and yucca..
Pinon and juniper are the dominant trees found on upland and north-facing slopes.

. Ponderosa pines and firs are found in the high mountain areas. In much of the

" valley areas, vegetation is insufficient to prevent erosion. Riparian vegetation:"
along stream courses is limited; where it does occur, it consists primarily of
cottonwood and salt cedar trees. '

2.3.3. Geology -

The Belt lies along the southern edge of the San Juan Basin, which is in the eastern - -
part of the Colorado Plateau physiographic province. Itis a region of scarped=:~ .~

_ tablelands with broad valleys, and local canyons cut in Mesozoicand younger: © - e

“sedimentary rocks (Stone and others, 1983)..

‘he rocks are comprised principally of - -

.-alternating shales and 4andstones and.some limestones.

-Primary structural geologic features in the Grants Mineral Belt area are the Chaco

- Slope, Zuni Uplift, and Acoma’Sagi(Figure 2.2). Along the Chaco Slope, Cretaceous
and Tertiary rocks out crop. Mesozoic and Upper Palezoic sediment and
Precambrian igneous and metamorphic rocks are exposed in the Zuni Uplift (Stone
and others, 1983). These strata dip to the northeast toward the basin axis. Figure
2.31s a cross-section of the San Juan Basin; the Grants Mineral Belt falls in the region
between the southwest edge and Crownpoint. Figure 2.4 is a stratigraphic column
of the underlying geologic formations in the principal mining districts.

Of significance to this study is the Morrison Formation icage. In
descending order, it consists of the Brushy Basin member, the Westwater Canyon
member, and the Recapture member. The Westwater Canyon member is host to the
major uranium ore deposits and also to a major aquifer of the Grants Mineral Be!lt.
It consists of interbedded fluvial arkosic sandstone. claystone, and mudstone. |ts
average thicknessis 250 feet, but it thins to 100 feet southward and eastward. The
'3rushy‘Basm member, which overlies the Westwater, consists of a relatively T
impervious shale. Included in the Brushy Basin member, is the Jackpile Sandstone
which bears the uranium ore body thatis mined near Laguna and the Poisan
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 The only significant naturally perennial waters are-a few small springs along the*
"Puerco River, and streams draining the flanks of Mt. Taylor. The most significants
iy r the'perennial streams are Rio Paguate and Rio Moquino which drain the nofthé:
o —-Slope of Mt. Taylor and traverse the Laguna-Paguate mining district (see Fi

$

[

k]
I

Ny

:San Juan Basin, in the vicinity of Gallup, the Brushy Basin member is absent. -,
TodiTto Limestone, a uranium bearing unit that is mined near Grants.

" The Dakota Sandstone is a Lower Cretaceous formation overlying the Morrison

- Since construction of San Mateo Reservoir, San Mateo Creek has flowed . - =
+ continuously near the community of San Mateo, located on the northwest side of:

~—-—.

Canyon Sandstone which bears uranium that is mined near Grants. The average -
thickness of the Brushy Basin member is 185 feet; toward the southwest part o the.

Underlying the Morrison Formation is the San Raphael Group which inc!udes@ﬁ’ef

Formation. It consists of massive quartz sandstone interbedded with coal fenses. in

‘the southwest part of the San Juan Basin, where the Brushy Basin member is absent,

the Dakota Sandstone and Westwater Canyon member form a single hydrologic
unit.

Much of the emphasis of this study is on the relatively thin veneers of Quaternary .
unconsolidated to semi-consolidated alluvial, eolian, and terrace deposits that . - -
overlie the consolidated rock units in the valley bottoms. These deposits are
predominantly silty or clayey fine sand, with occasional concentrations of coarse =~ -
sand or gravel. Alternating periods of erosion and deposition have resulted in- - -
marked disconformities within the alluvium (Leopold and Snyder, 1951). Thicknéss

- ofthe alluvial deposits in the area of concern is usually less than 200 feet.

2.34. -~ ,Water Resources

Surface Water.

Prior to uranium mining and discharge of dewatering effluents, most streams in the
Grants Mineral Belt area were ephemeral. Peak flows occurred in the late summer,’

- during heavy thunderstorms. Somewhat less.intense flows also occurred in-thefate- - & -~ ie

winter and early spring, due to melting of snow in the mountains. Because o
vegelation in the area is insufficient to impede erosion, runoff from these waters:™ - -
carries a heavy sediment load. LU

ure2:1)

Mt. Taylorin the Ambrosia Lake district, Because of streamflow lasses, however, : o
San Mateo Creek normally becomes ephemeral within one mile below San Mateo: ~': - -

The water in these channels is eventually lost to evaporation and infiltration to

shallow alluvial aquifers. Rechar f bedro '

'where the streams intersect hedrock outcrops.

Ground Water.

As stated previously, the Westwater Canyon member of the Morrison Formation is.a
principal aquifer in the area, with yields to wells of up to several hundred gallons
per minute. Reliable water supplies are aiso available from the Gallup Sandstone,
the Dako_ta Sandstone, the Glorieta Sandstone, and the San Andres Limestone.
Jewatering of uranium mines has resulted in a significant decline in water levels in
the aquifers tapped (mainly the Morrison Formation) and in adjacent formations

)



Other aquifer systems occur in the unconsolidated valley fills (alluvium) along the

San Mateo Creek and the Puerco River, with yields to wells usually les ]

gallons per minute. The alluvial depos:ts range from 0. to.about 170 feet.in

thickness; water is found anywhere from a few.feet to:100:feet-below the surface.
Recharge ot the alluvial aquifers occurs both from infiltration of surface flow and
from bedrock discharges in the-form of seeps and springs: -

Alluvial ground water-level maps for the Puerco River and the San Mateo Creek
valleys are shown in F:gures 2.5and 2.6, Téspéctively. The general direction of
alluvial ground water flow in both valleys is to the southwest, corresponqu to the
slope of the land surface.

Water Use.

Historically, the principal uses of water in the Grants Mineral Belt have been
domestic use and livestock watering. Domestic and municipal wells tap both
alluvial and bedrock aquifers throughout the area. Numerous shallow domestic

wells are located around the municipalities of Milan and Gallup. Milan derives its
municipal water supply from wells tapping the San Andres Limestone. The adjacent

community of Grants produces municipal water from wells tapping basalt, alluvium,
the San Andres Limestone, and the Glorieta Sandstone. Most of the water supply

for the City of Gallup comes from the Gallup Sandstone. Crownpoint derives its
water supply from the Morrison Formation. Water for livestock is primarily derived
from the shallow alluvial aquifer. B

lrrigated agriculture is limited, but occurs to some extent along the valleys of
Bluewater Creeks the Rio San Jose and San Mateo Creek, and along the North Fork
of Puerco River from the state road 566 bridge downstream to Gallup (see Fxgure
3.1). The main crops are vegetables and forage. ,

The advent of uranium mining has brought supportindustries which utilize ground

. water to some extent to the area; examples include cement and caustic soda plants. -
.+ Moreover, large amounts of ground water are pumped-from the.uranium mmes A
"~ and discharged to surface watercourses or utilized by-uranium mills. .

- Use of surface water has been l|m|ted due to its gredommantly gphgmgcal nature.
The discharge of mine dewatenng efﬂue.nts, hquever, his‘_cg' L_Jsgd the now

2.3.5. Land Use

The Grants Mineral Belt is a complex mixture of indian reservations ar-d Federal,
state, and private lands. The land is primarily used for livestock grazing by Indian
and private ranchers. Logging occurs to a small extent in the mountain areas. In the
Gallup area, coal mining has occurred since the 1880s.

Uranium mining began in the 1950s. The uranium companies have both leased
lands from the Federal government, the state, and Indians tribes, and bought some
lands outright.

-14-




@ 24 HISTORY OF.THE URANIUMINDUSTRY INTHE STUDY AREA = o= L
~“Fur mining districts have béen developed within ineral Belt, and-are, " T

. from east to west, the Laguna-Paguate, Ambrosia Lake, Smith Lake, and_’the Ch’u}ré‘h-~>. T
Rock mining districts (see Figure 2.1). There has been extensive exploration and e
‘new mine development in areas such as the Crownpoint, Nose Rock, and Marquez. =+ .-

Extraction of uranium ore from the Laguna-Paguate and Ambrosia Lake mining

districts began in the early 1950s using strip and open-pit mining methods. At that

time most of the ores were extracted from sandstones of the Morrison Formation in

the Laguna-Paguate district and the Todilto limestone in Ambrosia Lake district (see
Figure 2.4). By 1954, the Laguna-Paguate district had become host to the largest -

open pituranium mine in the United States, the Jackpile-Paguate mine (NM Energy

and Minerals Department, 1981). By its closure in 1980, over 2700 acres of land had

been disturbed (U.S. Department of the Interior, 1980). Aslate as 1979,the
Jackpile-Paguate mine contributed more than 40% of the uranium ore mined inthe
Grants Mineral Belt (NM Energy and Minerals Department, 1981). T

- After the initial discovery of uranium in the Todilto limestone in 1950, numerous”® -
.- OPEN-pItmines dotted the landscape ot Ambrosia Lake where the [imestone Was--
~ exposed near the ground surface. Drilli ' initi face. 0
~discoveries led to the delineation of ore bodies within the Poison Canyon and
Westwater Canyon members of the Morrison Formation (see Figure 2.4 for detailed
descriptions of units).

.’ . Eventual discovery of large.subsurface deposits within the Westwater Canyan = = er = oei

- ‘member established the Ambrosia Lake mining di S a majoruranium. .. L L
~_Production area. In 1980, the Ambrosia Lake mining district contained aver two-

thirds of the active uranium mines in the state (NM Energy and Minerals R

., Department, 1981). Virtually all of these mines are underground with depths -~

~ averaging approximately 900 feet. Several major aquifers are penetrated by thes:

- Delineation and development of ore bodies in the Church Rock mining district
"began in 1965. Zones of mineralization are recognized at depths exceeding 1800

- feet' with average shaft depths of approximately 1600 feet. Several major water: "R e

~'bearing strata also are penetrated by the Church Rock mine shafts. As is the present: " "
case in Ambrosia Lake, mining in the Church Rock area is conducted by the room. -

and pillar method. Thisinvolves mining out blocks of are while leaving adjacent

pillars of ore or waste as support for the roof (Figure 2.7). The size of the rooms

depends on the strength of the roof.

Activities of the New Mexico uranium mining industry peaked in 1978-80, following
a world wide shortage of the metal and increasing démands for the metal as a
electrical power generation fuel. At present, however, the industry is experiencing
asevere decline. The following table summarizes the severity of this decline:

¢



L T Y PR TE S VAPPSO |

CATEGORY -.1977-783 . .

Active Mines . 40 AR |

Active Mills -5 2

Employment /8,000 ' 1,533

Share of total U.S. 46% - - - S e 24%
production

a Chris Wentz, NM Energy and Minerals Department, personal communication
(1983) .

b NM Energy and Minerals Department (1984)..

2.5 OVERVIEW OF URANIUM MINING OPERATIONS

Surface (open-pit) mining and underground mining have accounted for virtually all
. of the uranium mined in New Mexico. Solution mining has been found to be

successful in pilot test projects, but commercial application:of the technique hasyet ~*

to have an impact on New Mexico’s industry. Total production from surfaceand - -
underground mines has been nearlyequal. = =~ ‘ . R

Both types of mines contribute waste to natural surface drainage systems. Solid

wastes are derived from both types while liquid wastes are almost exclusively -~ -

~ derived from underground mines.

In the surface mining method,the topsoil and overburden overlying the ore are -
- removed and stockpiled. The uranium ore is then removed and stored priorto -

- . shipment to a milling facility. Occasionally, berms and ditches are constructed ™ = =

‘around the waste and storage piles to cantrol runoff from the piles aswell asto -~ " -

. divert upstream flood waters-away from the piles.

As the mine is further developed, the overburden may be backfilled to fill mined- -
- out areas of the pit. Ultimately, the mined area may be.graded and seeded to

restore the land surface to its pre-mined condition. Few.active or inactive mines
have been even marginally reclaimed. o

Ore bodies that are located more than about one hundred feet below the land
surface are accessed by vertical shafts (see Figure 2.7) The mine extendslaterally
from the vertical shafts, sometimes for distances greater than a mile.’

Because underground mines are developed in a way that minimizes the amount of
waste rock removed, far less solid waste is produced than in a surface mine. In terms
of contaminant concentrations, however, the underground mine waste rock can tﬁ
more enriched and can be of ‘

Underground waste rock is stored in a spoils area that may be, but usually is not,
beTmed I6 control runoft.

Since most of the deeper ore bodies lie beneath major bedrock aquifers, dewatering
operations are required. Most of the produced water in the Grants Mineral Belt is
- pumped from within the'mines and discharged to settling ponds and to drainage.
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bearing strata near the mine in an effort to depressurize the agquifer.

: “To comply with effluent limitations specified by the federal National Pollutant

channels. Water also can be pumped from wells that are drilled into the watér: =22,

Discharge Elimination System (NPDES) permits, most mines treat water. Prior to.

discharge; a-flocculant and barium chloride are added to reduce suspended solids

concentrations and to coprecipitate radium. Elevated concentrations of dissolved_;

urantum are reduced by a separate ion-exchange treatment.

The average underground mine in the Grants Mineral Belt continuously discharges -
more than 1000 gallons per minute of produced water. Collectively, more than 150 .
billion gallons of water were pumped from aquifers in the Grants Mineral Belt o
between 1956 and 1982 (Perkins and Goad, 1980). Lyford and others (1980) provide
a comprehensive assessment of the hydrologic effects on the aquifer system of this
sustained pumping. Local water-level declines in the Morrison Formation in excess

of 500 feet have resulted from the dewatéring. _ o
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1. METHODS AND APPROACH

Monitoring activities for this assessment were centered on the three major active mining . . |
districts in the Grants Mineral Bélt: Laguna-Paguate, Ambrosia Lake, and Church Rock: -
In the former district, monitoring focused on characterization of natural surface water ... .
quality and the effects of open-pit uranium mining on surface water quality. In the

latter two districts, monitoring involved characterization of the quality of both natural
surface waters and natural ground waters and of the impacts of uranium mining o
activities on these waters. Instrumentation was installed at sites along representative -~
stream segments in each of the two districts in order to characterize hydraulicand .
contaminant migration relationships between surface water and shallow ground-water

flow systems. Water samples were collected and analyzed for general water-quality -
constituents as well as parameters specifically associated with uranium mining-and

milling. In all, over 440 samples were collected at a total of 74 monitoring stations. S
Chemical analyses of these samples have provided a body of over 10,000 data points.. ..

Section 3.1 describes the monitoring locations for surface water and ground water.and . .. -
for runoff. This section also describes the types of data collected at each site and the v - .
frequency of water sampling and hydrological measurements. Section 3.2 explains- .. .-
the methodologies used to collect water quality samples, field data collection,and .. -~ - - .
hydrological measurements. The water-quality constituents monitored and analytical
methods for their determination are described in section 3.3. Data interpretation

- methods are reviewed in section 3.4. The actual data and.interpretation of their
significance are the subject of the remaining chapters of this report. -

3.1 MONITORING SITE LOCATIONS AND [NSTRUMENTATION

o *3;1":—1“.;‘4 © “Surface Water

Monitoring at these stations began in 1977 and continued through 1982. Table3:14ists
- these stations; the stations locations are shown in Figures 3.1, 3.2, and 3.3. Most.of
- these sites had continuous flow during the assessment. Flow at the Puerco River;San SRR
. Mateo Creek at U.S. Geological Survey (USGS) gage, and the Arroyo del Puerto.stations = ..~
was attributable predominantly to the discharge of uranium mine dewatering ™"~ =" © =
effluents Flow at San Mateo Creek at San Mateo Reservoir, and Rios Moquine and .-
Paguate stations, on the other hand, was naturally perennial and not augmented by
dewatering effluents. The two Arroyo del Puerto stations actually function as one
station; the "Kerr-McGee cattails” site was sampled when there was no flow at the
USGS gage site.

In addition to the stations listed in Table 3.1, a number of sites were sampled (1} during
runoff events, and (2) along the Puerco River c uring and after the United Nuclear
Corporation (UNC) uranium mill tailings spill o~ July 16, 1979. A detailed analysis of the
consequences of this spill is presented in a separate report (Gallaher and Cary, 1986).

Through sampling efforts distinct from this assessment, EID staff have collected one
grab sample per year from most uranium industry point sources. In 1980 and 1981,

uranium industry point source discharges and the assessment stations were sampled
concurrently. :
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Water Quality. - . L o
Surface watersamples were collected at each'monitoring station on a quarterly basis,
and occasionally during runoff events. More frequentsampling was conducted at the
two Puerco River stations after the UNC tailings spill: daily or every two days for two
weeks after the event; weekly for another two weeks; monthly through July 1980;
and finally quarterly. T o = SRS

Hydrology. S » g
Five of the stations listed in Table 3.1 are equipped with surface-flow gages. Gage
08349800, the Rio Paguate station below the Jackpile Mine, had been installed by the
USGS in 1976 as part of their routine water measurement effort. The other four gages
were installed, operated, and maintained by the USGS specifically for this study under-
funding fromthe EID. The USGS found that the site initially chosen at the Highway 566
bridge on the Puerco River was not favorable for obtaining accurate measurements or
continuous records, because the channel is quite unstable at that location.
Consequently, this station was moved in 1980 to a more favorable site a few miles
downstream. Flow records for all five stations are summarized in the annual USGS
publication, "Water Resources Data, New Mexico". (Water Data Report NM-76-1 to
NM-82-1).

Instantaneous flow measurements at ungaged surface-water stations were taken while . -
collecting water samples. Measurements were made with a Price pygmy meter
according to procedures detailed by the U.S. Department of the interior (1977).

3.1.2. Ground Water

Cluster Concept. L
The purpose of ground-water monitoring was to study the hydrologic and water - =~ = =~ -
quality relationships between surface and ground water and to evaluate the - :
movement of contaminants in the alluvial aguifer. The monitoring well clustersare = & .
designed to detect the early stages of contamination of the aquifer._ R

Figure 3.4 illustrates an idealized well cluster. One well isdrilled about 10 feet from= « . =-x
the channel edge to a deph of about 35 feet: Another well'is drilled adjacent to the, - -
first, but about 70 feet deep: These two wells enable sampling of the aquifer at the
same location, but at different:dépths.. For someclusters, asingle boring was drilled, -~ -,
but cased and perforated so that it can actually function as two wells -- one shallow.

and one deep. The well is given one number and the two depths are distinguished by

putting a "U" for "upper” oran "L" for "1ower" after the well number. A third weil :s

placed about 200 feet upstream of the first, 10 feet from the channel edge and dnlled

to adepth of 35 feet. A final 35-foot-deep well is placed 200 feet from the first in a

direction perpendicular to the channel. Thusthe cluster design enabies determination

of water-quality differences along the stream channel, away from the stream channel,

and at difterent depths in the aquifer. Not every cluster was constructed as shown in

Figure 3.4, but only one cluster has less than two wells.

Locations of the ten cluster sites for this study are shown on Figures 3.1 and 3.2. Table
3.2 lists additional information for cach well, such as depth, casing diameter, and’
screened interval. Well locations are described in accordance with New Mexico State :
Engineer Office procedures, illustrated on Figure 3.5. Gallup, Lee, Sandoval, Otero, and
Roundy clusters were installed in 1977-1978, while additional clusters, Entrada,

b
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m;{_:;m 1980 in order to further mvestlgate the UNC tarlmgs spill |mpacts at that siter.

~recorders. The steel protective casings of the wells at each cluster were surveyed' -

~....and snowmelt, have the potential to contaminate runoff: with radionuclides and other

. was conducted to evaluate the runoff quality ofthese’ waste’ pcles and the potentnal

Windmill, Springstead, Confluence, and BLM, were installed in 1981. Gal-5 was driiled

Al momtormg wells were installed with either air rotary.or hollow-stem auger drulhng
rigs. To avoid introducing contaminants into the wells, no drilling muds or fluids were:-
added during the drilling operation. PVC plastic was selected as well casmg materiali -

Water Quality.
Ground water samples were collected quarterly, concurrent with collection of surface -
water samples. Additionally, for a year after the UNC tailings spill, the Gallup cluster
was sampled on a monthly basis.

Hydrology.
A water-level recorder (continuous-reading) was instailed on a single well at each of
the original five clusters. Aswater-level readings at the Gallup cluster indicated that
- thereis little water-level fluctuation along the Puerco River, continuous recorders
were not installed at the Entrada, Windmill, Springstead, and Confluence sites. A
recorder was installed at the BLM well cluster however, because of its location above - -
" the river stretch receiving dewatering effluent. Water-level measurements were taken S
with a steel tape on all gaged wells monthly when the chart was changedonthe” - "= = " =

relative to one another, so that aII water tevels are measurements of relative depths
within a cluster.

Short-term aquifer performance tests were performed on at least one well at each of
. the Puerca River clusters. Details on these tests are given in Gallaher and Cary (1986).

.3.1.3. Runoff Sampling

Large quantltres of materials associated with uranium ore are brought to the surface of
- the earth and deposited as mine tailings. These materials, when exposed to rainfall

- trace elements associated with uranium mining. In 1982, a:-runoff sampling program A
impact on surface and ground water quality in the regron

In,orde'_r_ to sample the runoff, single-stage samplérs wereinstalied in tandem at g :?'f' LLRETL -
number of sites in ephermeral watercourses in ephemeral watercourses above and- > "=
below mine waste piles (Table 3.3 and Figures 3.T and 3.2). The sampler design was s
such that, when the water level of a runoff event reached a-certain height, a sample of
the runoff was collected in a quart bottle at the bottom of the sampler. The samplers
were checked frequently by EID personnel during the summer of 1982; the longest

.period any sampler went unchecked was two weeks.

In addition to the single-stage samplers, grab samples were taken at miscellaneous sites
aboveand below waste piles during runoff events. The focations and frequency of
these samplings were dictated by the weather, by the presence of EID personnel, and
by what seemed appropriate to the particular event and location:

3.14 Leach Tests.

In conjunction with the runoff sampling program, mine wastes themselves were
subjecied to leach tests in order to determine the potential for constituents to leach
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. out of the waste piles and into runoff or ground water. Samples were collected from
- Wwaste biTes at the following six mine’locations: R et

WASTE PILE LOCATION : NUMBER OF COMPOSITE SAMPLES*

United Nuclear Corporation-NE, : 4
Church Rock , S

Kerr McGee-l, Church Rock
Hyde
Vallejo o

Poison Canyon A

Old San Mateo

0 00 N o b

*See section 3.2.1.

. The Umted Nuclear and Kerr-McGee 5|tes had recelved mine wastes within the year

AREE jTPmperature conductivity, and pH were measured in the fleld concurrent with. -

. 'Yellow Springs Instruments model33 5-C-T meter. Field pH was determined with. a'
" < Hellige Color Comparator, if the sample was clear. Turbid samples were measured in-
... the field with either an Orion pH meter or a Corning pH Meter. A two-point cahbratlon
~..was performed with standard pH buffers before each use of the meters.” .- : :

before the time of sampling; the others sites were inactive or abandoned. Leach test
methods are discussed in Section 3.3.3. -

3.2 SAMPLING AND MEASUREMENT METHODOLOGIES |

3.2 Water Quality

" Field Data oo T

collection of water samples. Temperature and conductivity were measured’ wuth a-

Measurements of dissolved oxygen in ground water along the Puerco River were done
to provide additional input data for a computer model utilized in the study (WATEQFC,
see section 3.4.3). Measurements were taken twice on each 5-inch well with a Yellow
Springs Instruments oxygen meter before and after pumping or sampling activities
were initiated during a site visit. For these measurements the probe of the meter was
lowered into the well so that it would be within the screened interval at the bottom of
the well. The meter was calibrated with the Winkler method.

- Surface Water Samples.
Grab samples were collected from the stream bank by hand-dipping water with a
clean polyethlyene beaker from the stream into a 15-liter carboy. The polyethlyene,
acid-washed carboys were rinsed with stream water prior to filling. The carboy samples
were treated on-site as described betow.

Ground Water Samples.
A truck-mounted electricsubmersibie pump was used to collect samples from the five-
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IV. NATURAL SURFACE WATER QUALITY IN

EID sampling programs have provided quantification of the quality of natural
surface waters that have been unaffected by uranium mining within the Grants
Mineral Belt. These natural waters serve as a baseline against which the impact of-
uranium industry effluents can be evaluated. Since 1978, the EID has systematically
sampled the few naturally perennial waters in the region. These data were
augmented in 1982, when samples of snowmelt and thunderstorm runoff from
ephemeral watercourses were collected. All natural surface water sampling sites
were located upstream from uranium mining activities.

Three aspects of natural water quality are specifically addressed in this chapter. The
firstis the chemical quality of sediment-free water; that is, the concentrations of
dissolved salts, trace elements, and radioactivity. The second aspectis the high
sediment load that is typically carried by ephemeral streams in the Grants Mineral
Belt during runoff events. Finally, the chemical and radiological quality of raw,
unfiltered runoff is discussed. Sediment-laden runoff characteristically has Iarge
concentrations of trace elements and radlonuclldes

4.1 PERENNIAL STREAMS

Under natural conditions, most watercourses in the Grants Mmeral Belt flow only -
when sustained by snowmelt or storm runoff. Nonetheless, there are a few
perennial watercourses in the three mining districts lnvestlgated in this regional
assessment. Perennial waters inthe Church Rock district are limited to a few small

springs along the Puerco River. In the Ambrosia Lake district, San Mateo Creek has - -

flowed continuously in the vicinity of the community of San Mateo since the
construction of San Mateo Reservoir upstream. Both the Rio Paguate and the Rio -
Moguino, which originate on the well-vegetated northeast slope of Mounrt Taylor

.+ .are perennial. These streams flow.into the Jackpile- Laguna dlstrrct converge and
. -asthe Rio Paguate complete the traverse of the dlstnct : ’

42 DISSOLVED SUBSTANCES

,,,,,

Dissolved salts in surface waters of the Grant Mrneral Belt onglnate chiefly from

-weathered rocks and residues from evapotranspiration. Shale and limestone units

are the primary geologic sources of dissolved solids in the region,

4.2.1. General Chemistry

Evaluation of sampling data shows that natural concentrations of the total
dissolved solids in streams in the Grants Mineral Belt vary from less than 200 mg;i to
Qver 1500 mg/l. The least saline waters are perennial San Mateo Creek arnd
ephemeral flows in the South Fork of the Puerco River. The most saiine water is
found in the perennial Rio Moquino. The Mancos Shale, from which the Rio
Mogquino valley was excavated, has been shown to be one of the largest sources of
salinity in the entire Colorado River Basin {lackson and Julander, 1382).

A Piperdiagram graphically rllustrates the geochefnrca' composition of different
surface waters in the Grants Minerai Beit (Figure 4.1}. Natural waters from the Rio
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®  Puerco River South Fork at 566 bridge (ephemeral fiow) 30
O  Puerco River North Fork at BLM (ephemeral flow
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FIGURE 4.1 Geochemical composition of natural surface waters, Grants Mi_neral ( ’
Belt. lons are expressed percentages of total equivalents per liter. \



Moquino and ephemeral flows in the North Fork of the Puerco River are dominated-
by dissolvied calcium and sulfate, which are abundant in the Mancos Shale. In -+
contrast, South Fork of Puerco River and San Mateo Creek flow chiefly in limestone
terrain‘andiare enriched with bicarbonate ions. The peréniial Rio*Paguate’has:
- waters of chemical composition intermediate between these two types. o

o

‘.”pO
L

4.2.2. Trace Elements and Radioactivity

Dissolved trace element and radionuclide concen oW in perennial szt
streams in the Grants Mineral Belt. Dissolved concentrations in ephemeral flows are.. .. .
similarly very low, but may be slightly higher in line with the increased sediment L
loads (Table 4.1). Owing to the uniformly low concentrations found, the data are *-
combined in Table 4.1 rather than presented by separate drainages or mining

districts. _ - ,

Dissolved concentrations of trace elements are usually quite low because existing °

natural compounds have low solubility under the neutral or slightly alkaline pH_ -

conditions common In the region and because the majority of dissolved trace . ST
elementsin surface water become attached to sediment grains or form precipitates -~ -~
(Popp and Lacquer, 1980). Like the trace elements, most naturally.occurring S
radionuclides are relatively insoluble. ' :

43. SUSPENDED SEDIMENT ‘ S

Suspended sediment levels in surface waters of the Grants Mineral Belt span a wide =% =
\y Fange of concentrations (Table 4.2). The few naturally perennial streams, such’'as =
- a¥ Rio Moquino, Rio Paguate, and, locally, San Mateo Creek, are virtually sediment .
" free, but most of the region isdrained by dry arroyos that carry turbid flash floods
after summer thunderstorm activity. The tremendous sediment concentrations of
regional arroyos are among the world’s highest (Gregory and Walling, 1973).

The majority of streamflows in watercourses in the Grants Mineral.Belt are ofthe -~ -~

short-lived, turbid type. Maximum suspended-sediment concentrationsin these™ * \

. -arroyos are many hundreds of thousands of milligrams per liter (mg/l) (Busby;11979}
-The-Puerco River.exemplifies this type of stream. -The:name “puerco”;which: méan
. "murky”, has been applied to several regional streams that-are “too thick to drink;

~ to thin to plow.” S L TR e ‘ T

' The high suspended sediment concentrations aré attributable to three major =~~~ &7 fosme
environmental factors. First, several geological strata in the region weatherto'silt -~ .
- and clay-sized particles that are easily carried in suspension by flowing water
Important sediment-producing rock units are shales, including the Mancos Shale of .
the Puerco River Valley (Dane and Bachman, 1965; Jackson and Julander, 1982).
Second, the semiarid climate prevents establishment of protective vegetative cover
onthesoil. Inlowland areas thesoil is sparsely vegetated with drought-resistant
plants, including shrubs and bunch grasses. Overgrazing by livestock has rendered
the ground surface even more vuinerable to erosion. Third, the late summer {luly-
September) rainy season brings intense thunderstorms that rapidly generate large
volumes of runoff. Whether overland orin a channel, these flows readily entrain
exposed sediment grains.




jTABLE 4.1 Maedian Dissolved Concentrations of Trace Elements and Radioactivity in Natural
Surface Waters. Number of samples given in parentheses.

el

Perennial Streams * © ~~ ' Ephemeral Flows: .

. @

" CONSTITUENT

(ug/)

As
Ba
cd
P
Mo
__ Se -
U-natural
Zn '

<s @) <5 @
100 (30) <100 (3)
< ee <1 @)
<5 (26) C <5 (3
<10 Ge <0 @
<s @) <5 @
<5 @GN 10 ()
<100 @ i@

<50 (27) | - <50 (3)

P

~(pCi)

Grossalpha. 2 (29)
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44, CHEMICAL QUALITY OF TURBID WATERS. | B e R

"‘-:uspended sedimenti¢can:be’d’ Sighificanttransport agent for chemical substancésin:
‘water. Inthe ephemeral watercourses of the Grants Mineral Belt, high suspended
‘sediment concentrations account for the ma;or proportlon of contaminant - .
transport (see Keith, 1978) o

4.4.1. Relatnon‘of Chemical Quality to'Suspended Sediments

Data presented in Tables 4.3 and 4.4 illustrate the extreme vanaballty in trace -

element and radionuclide levels in unfiltered waters. Concentrations of those - e
constituents may range from below analytically detectable levels up to 1000 times .-
greater than detectable levels. '

Concentrations of most trace elements-and radionuclides in turbid runoff

demonstrate a strong, statistically significant dependence on the amount of

: ‘largervalues are probably reflective of the abundance of yranium-ore-bearing:

sediment present in the sample. Regression analyses for individual constituents

show that, in most cases, the amount of a particular constituent detected in an-. = ==~
unfiltered water sample is a positive, linear, first-order function of total suspended ==
sediment; correlation coefficients (r) are often greater than 0.90. In other words,"
each additional quantity of sediment added to surface water volume usually adds
constant proportions of adsorbed or precipitated trace elements and radlonuchdes
The relation between the concentration of a particular constituent and the -
sediment concentration (i.e., the slope of a regression line) varies between = oo s rseis
‘drainages and depends ch:eﬂy on the elemental composmon of rocks and TR L
<edimentsin the basins. :

While data from the Ambrosia Lake mining district are limited, natural runoffin’ "
that district appears to be poorer in quality than runoffin the Church Rock dnstnct
In particular, the median concentrations of selenium and uranium in Ambrosza Lake

;runoff are 6 and 3 times greater, respectively, than in Church'Rock runoff,

i 'foutcrops in the Ambrosna Lake district’ (e 9. at the: P0|son Canyon mine). In cont‘

4. 4 2 Radloloq1cal Quallty of Turbud Waters

: Rad|oact|ve substances were present m detectable concentratnons in all of the ComnTiun T
‘runoff samples analyzed in this study. | ake mining district,
alpha particle activity measurements of 5 samples ranqed from 33 picocuries Der

| liter (DCI/I) to 2100 pCi/l with a median concentration of 1200 an/l Gross beta

wuth a med|an concentration of 1,060 pCi/l. Slightly lower radloactrvmes were
measured in 12 samples collected in the Church Rock mining district.

High radionuclide concentrations may be presentin turbid flows throughout
northwestern New Mexico, including the Grants Minerai Belt. Ephemeral washes
draining northward from the Grants Mineral Belt into the San Juan Basin exhibit
similar patterns of radioactivity to those within the drainages sampled. During

arbid flow conditions, gross aipha and gross beta activities as high as severai
thousand pCl/l have been measured by the U.S. Geological Survey in the Chaco Wash
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TABLE 4.2, suspended Sediment Concentrations in Natural Surface Waters .

: L
R .
P .
5 . s

STREAM

'SUSPENDED SEDIMENT CONCENTRATION (mg/))

No. of Samples.

Log.Meén ‘Min. Max.
Perennial Streams
< ~ San Mateo Creek 10 <1 83 7
. ’ at San Mateo Reservour o
Rio Moqumo above 14 <1 73 10
Jackplle Paguate Mine ‘
Rio Paguate above 4 <1 59 12
Jackplle Paguate Mine :
Ephemeral Flows
San Mateo Creek Drainage | _8;100 940 | 32,000 4
- _below San Mateo
Puerco River-South 22,400 5,600 | 73,000 3
Fork Dramage S N o
Puerco RiVEr:NSHA ™ 55,700 3,700°°|" 561, 0‘0“0‘5’" g

- “Fork Drainage .




'TABLE4€=y

Total Trace Element Concentratia

S

nsin Natprggnp@ 1982. All concentrations given in millig(a.mgz.‘r liter (mg/l]

CONSTITUENT

AMBROSIA LAKE MINING DISTRICT
(Based on ﬁSémp‘Ies):

MAX. © MIN:

MEDIAN

CHURCH ROCK MINING DISTRICT

MAX.

(Based on 13 Samples)

MIN.

MEDIAN

AsS
Ba
Cd
Pb

Mo

Se

U-natural

\Y

n

0.26 0.13
77
0.05 ;
;2.0‘. . :
<001 <0.01,
. 0.15 : '
056
32 _'0.5'1_

1.7 15

i
R
SEeglh
N
4
i
\
Lt
Vo
RS I
i
h

0006

05 -

010

0.30
9.6
0.06
2',0
0.02

0.03

- 0.22

0.92

“ 85

0.02
0.44

- 0.001
0.01

<0.01
<o.60'5ﬂ
0.005

0.04

<005 -

0.08

4.8

2 0.003

0.17

© 7 0:005

1 0.03

0.40
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samples in parentheses.

CONSTITUENT

AMBROSIA LAKE MINING DISTRICT

MAX.

MIiN.

CHURCH ROCK MINING DISTRICT

Gross Alpha Activity

Gross Beta Activity

Pb -
Po -
Ra -

Th -

Th

Th -

210

210

226

228

-230

232

./\.

MAX. MIN, 'MEDIAN

2,100 o33 1,200 (5)

2,000 ., 546" | - 1,060 (4)
720 4 88 (4)
43 - = - (1)
321 B - 15(4)

ND ©ND -

ND D -

ND ND

1,600

1,480

74
450
47
43
42

43

' O
| a2400)

 MEDIAN
| -720 (12)

L% 710 o)

53 (7)
19 ‘Qf,i(g)
2

r 24, :..;.5(7)

. \J‘)-

‘ Mole




‘drainage basin (see USGS Water Resources Data, New Mexico, Water Reports NM-

75-1 through NM-81-1). The USGS, however, has not performed analyses for specific”
radionuclides.

. Samples of tnfiltered runoff from three sutes were. testedffor the |sotopes lead 2 1 0'-
polonium-210, radium-226, and thorium-228,-230, and-232. Most of these N
radionuclides are in the uranium-238 decay series (Flgure 4.2). While the observed

-radionuclide concentrations presented in Table 4.4 are'weighted toward the Church
Rock district, they are thought to be representative of the entire Grants Mineral .-+ = -~
Belt. The Church Rock, Ambrosia Lake, and Laguna-Paguate mining districts are
very similarin terms of sedimentary geology and landform development. S
Moreover, sediments collected from Ambrosia Lake and Laguna-Paguate mining
districts (Popp and others, 1983) contain concentrations of radium-226 and lead- 210
similar to these in the Church Rock district (Weimer, andothers, 1981).

The partitioning of different radionuclides between solid and dissolved phases is
significantin runoff. Radium-226 and lead-210, the chief radiological concernsin
Grants Mineral Belt runoff, tend to adsorb onto suspend sediments rather than to
remain dissolved in runoff(TabIe 4.5). EID data indicate that 85-t0-95 percent of

the radum-226 and lead-210 detected in a turbid water sample is bound to the,
sedlment

FSTTES

-51-



T TURU O SDRE

" Uranium-238 Uranium-234
i 4.5 x 109 years 2.5x105years

il | Protactinium-234 |- o
" 1.17 minutes :
v f #

Thorium-234 Thorium-230
24 days | 8x104years

Y

Radium-226
1620 years

=

Radon-222
3.8days

Yy .

Polqn’iumf218_ | Polonium-214 "Polonium-210
1.. 3minutes - 1.6 x 104 seconds 138 days

oo eee |- Bismuth-218-of - fo] Bismuth-210
i e B :;_"_.-",:. o - ) S i H -"::‘:"‘ - ., t19-7“mi_’nutés ‘“ . B “’“ 5’d3y55 AT B I

‘Lead-214  } 7.1 0 Lead-210 . | |  Lead-206
27 minutes 19.4 years stable

FIGURE 4.2 Principal radionuclides in the uranium-238 decay chain. The half-
life of each nuclide is shown. Downward pointing arrows indicate
alpha emissions and upward pointing arrows indicate beta and/or
gamma emissions.
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TABLE 4.5. Partitioning of Radium-226 and Lead-210 between Dissolved and Suspended
Fractions of Na

s S de et

tural

Runoff.

o eV 2 R

Al AL e

oo

(M-D - Y) .

P T Y

. DATE

Dis

Ra-226
© (pCi/T)

solved

Suspended

Pb-210 S
(pCi/1)

Dissolved Suspended

‘uerco River-North

Fork BLM cluster

08-04-82
08-24-82

5.8
1.3

+ i+
o r—
L] L]

W ~¢

41

+

2.7%

14

1.1

33

1+

1+

31
6

+

18

'uerco River-South
Fork at Hwy 566

Bridée

08-12-82

. 08-23-82
08-05-82

' 09-21-82

0.4
1.2

I+ 1+ I+ i+

— — o o
. L]
e —

19
28

- 13

19

+

+

+

i+

15

14

14

i+ i+ 1+

I+

51
"%55‘
21

60

i+

I+

i+

I+

17

21

12

a.. mateo Creek

at Hwy 53 Bridge

08503-82

0.7

i+
(]
.

~N

22

-+

+

I+
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V. PRELIMINARY EVALUATION OF THE EFFECTS OF URANIUM MINE WASTE PILES
AND OPEN PITS ON NATURAL SURFACE WATER QUALITY

Uranium mine waste piles, both-active and abandoned, exert'a potentially significant
influence on the quality of surface waters in the Grants Mineral Belt. Since the regional
onset of uranium mining in the early 1950s, a large area has been explored, prospected,
and mined foruranium ore. In a comprehensive survey, Anderson (1980) described 21
abandoned or inactive uranium.mine sites in Cibola County and 72 such sites in-McKinley -
County. In addition, Perkins (1979) listed 34 mines that were then active. -

In the majority of cases, each mine has associated waste piles. Waste piles may include
one or more of the following: barren (non-ore-bearing) overburden, low-qrade ore

(i.e., are with too low a uranium content to be economically milled), and ore stockpiled

- typically havé'large amourits-of waste in the vicinity-:6f the operation. In orderits focus '

forTater milling. The EPA (1983) estimated that an average surface mine generates
about 6 million metric tons of solid waste per year, while an underground mine
generates considerably less - - about 20 thousand metric tons per year. For surface mines
waste dumps are larger in proportion to the amount of ore produced, because such
dumps are mostly barren overburden. Since the waste varies ~ith respect to ore
content, potential impacts on water quality are quite variable. This chapter discusses

the impacts of mine waste piles on surface water quality. . ’

The EID investigated the effects of mine waste piles on surface water quality, through
runoff sampling and laboratory studies. The sampling program collected water and’
suspended sediment samples in ephemeral watercourses receiving runoff from mine

~waste piles. Analysis of runoff samples provided data on concentrations of trace

elements and radioactivity in affected arroyos. In conjunction with the runoff sampling,
dry samples of mine waste were collected and leached in the'laboratory to determine ~

the potential-for constituents to leach into surface or ground water.

Open pits created by surface mining have a potential to effect water quality similat to -~ ..
that of waste'piles. The exposure of the ore body in open-pit mining subjects it directly =~
to the same runoff factors as waste piles. In addition, as mentioned above, opénpits’ -

on the potential for open pit mining operations to effect water quality, stream sampling
was conducted at the largest open pit operation in the Grants Mineral Belt, the Jackpile-
Paguate mine. This mining operation-is-of water quality interest not only because of its

size but because of the confluence of two perennial streams within the mining area.

5.1 RESULTS OF RUNOFF SAMPLING

Runoff samples were collected from several sites representing varying degrees of
proximity to, and input from. uranium mine waste piles. The data provide information
on the water quality impacts of specific piles. The data also help to define generic water
quality problems associated with uranium mine waste piles in the region. Throughout
the discussion that follows, interpretation of the data is facilitated by frequent -
reference to natural runoff quality described in Chapter IV. The observations in this
section apply directly tothe Ambrosia Lake mining district where almost ail the samples
were collected. Limited sampling results suggest similar sampling results would be
obtained in the Church Rock district. :

Al of the runoff sampling data presented herein reflect instantaneous con' sminant
concentrations, specificto a particular location and time. Because of the random and
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short-lived nature of the runoff events, however, the total quantity of mine waste -
material entering local drainages is unknown. Nonetheless, the mine waste-affected = g .
runoff contaminant concentrations exceed natural levels by up to several hundred: - - .

times, and thus are of concern.

5.1.1. Sediment
Results of runoff sampling suggest that sediment concentrations from uranium mine -

waste pilesin Ambrosia Lake district are comparable to natural sediment concentrations
in the district. In 11 samples from drainages with mine waste piles, suspended sediment
concentrations ranged from 764 to 75,500 mg/l with a median of about 40,000 mg/l.
Three samples from drainages unaffected by waste piles varied from 939 mg/l to 50,000
mga/l with a median of about 32,000 mg/l. The number of samples though is too small to
permit definitive statistical analysis. A

Cooley (1979) reported that runoff from uranium mine waste piles picks up "clay, silt,
and sand, which, depending on the proximity of stream channels; may be transported
and deposited downstream.” It has been noted that erosion of mine waste piles s P
accelerated relative to undisturbed soil profiles for a number of reasons, chief of which . .-
are lack of topsoil, steep angle of slopes, presence of toxic elements and buildup ofsalt .. .- ..
in the near surface (which inhibit vegetative growth), and poor waterretention . .. - :x
characteristics (U.S. EPA, 1983). T T I
The U.S. EPA (1983) has stated that most abandoned minesin the region aresmall = - ..~
surface. mines that have little impact on surface waters. Based on recent extensive work

by Anderson (1980), we estimate that 10 to 20 percent of all abandoned mines and a e
few large active minesin the Grants Mineral Belt have waste piles that are directly - - .;;Q _‘
eroding into local drainage channels. RIS e T

5.1.2. Trace Elements andeadionucIidevs

' The problem of poor water quality due to high sediment loads is exacerbated when:the- ~ - - -
sediment comes from rock thatis.geologically enriched in-uranium and associated--
elements, as is the'case for.mine waste piles. Total contaminant concentrations:in:
drainages affected by uranium mine waste piles are positively correlated with'=~: -
suspended sediment concentrations, just as they are under natural conditions(see -
Section'4.4) except that waste-affected runoff has proportionally higher contaminant @ . U
concentrations per.quantity of sediment. Therefore, an effective means of evaluating.~ - .z =~z
the degree of contamination is comparison of the amount of contaminant per gram of.
sediment rather than per liter of water. While samples collected at the base of a waste
pile reflect uranium mine waste contaminant concentrations, other samples cotlected
far downsteam (up to 5 miles) from any source of contaminants, reflect dilution
processes which make them indistinguishable from natural conditions.

Trace Elements ' '

Table 5.1 compares ranges and median of contaminant concentrations found in

unfiltered runoff from uranium mine waste piles with those of unfiltered natural

runoff. In runoff from these waste piles, uranium and molybdenum maxima exceed

maxima in natural runoft by over two orders of magnitude. Maximum arse: ¢,

selenium, and vanadium concentrations exceed maximum natural runoff levels by six to
eight times. Other elements (1.e., barium, cadmium, .2ad, and zinc) are not appreciably ( .
~above background concentrations. These results indicate that uranium ming waste piiss®

are potential major sources of uranium and moiybdenum and perhaps of arsenic,
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14!9LE5.1.

CONSTITUENT

MINE WASTE PILE RUNOFF
Medvian

Total Contaminant éo entrations ir":enbrd's'ia Lake Waste Pile Runoff
Runoff. Number of samples in paren. . _ses.

NATURAL RUNOFF

Range.

Median

Combared wuth N aly

¥

(rﬁg/l)

Cola

RN

As

Ba

cd

Pb

Mo

Se
U-natural
\Y

Zn

<0.005-1.5

0.18-37.5
<0.001-0.02

0.02-2.5 |
<0.001-32 - :

<0.005-0.85

0.04-62.6:;

0.04-24.8"

<0,05:4:4

021 (15)
5.9 (15)
0.006  (15)
0.56. (15)
002 (15)

003  (15)

0'-._58 C(15).
1.1.  (15) "
1.7 (15)

0.05-0.26
1.4-43.5
0.003 - 0.05
0.05-2.0
0.005 - <0.01

<0.005-0.15

7 0.03-0.56
- 0.18-3.2

©0.38-17

013 (6)
7.7 (6)
0.006 (6)
0.52 (6)

- <0.01 _(6)

0.03 (6)
0.10 . (6)
0.61  (6)

15 (6)

Gross Alpha
| Gross Beta
Pb-210

Ra-226

300 - 420,000°

177 - 168,00

29-30,050

1- 347,:90;0 |

B
|

10,800 (15)

S '6}7@0 sy

1,000  (6)

. 650 (6)

33-2,100
546 - 2,000
4-720

2-321

1,200 (5)
1,060 (5)
88 (4)

15.(4).1
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'selenlum and vanadium in surface waters. These flndmgs arein general agreement |
i hERA data (U S. EPA, 1983). S —_— .

_ Radronuclldes in unﬁltered waste pile runoff are also elevated wrth respect to levels in
natural runoff (Table 5.1). The'data also are graphically depicted in a "box and whisker”
plotsinFigure 5.1. The lower and upper ends of the box represent the 25th and 75th

- percentile values, respectively; the vertical line within the box is the median value;and
the lower and upper extent of the lines (whiskers) are the minimum and maximum
values of the data set (McLeod Hipel, and Comancho, 1983). Maximum gross alpha

- particle activity exceeds maximum natural runoff activity by 200 times. Maximum levels

‘ of two major alpha emitters, natural uranium and radium-226, exceed natural maximum

. Gro
Iead 210, are also far in excess of natural runoff levels. Natural runoff and waste pile
fevels of thorium-230 and polonium-210 cannot be compared because of lack of data.

Radlonuclldes

%"'The"ma San Mateo Mine illustrates specificimpacts of a large waste pile on nearby:

- surface water drainage system, San Mateo Creek (Figure 5.2). Three nearby stations.
uncontaminated by mine wastes were used.to define trace element and radionuclide- -
levels in natural sediments in the area. In_contrast, with natural sediment, the waste.
materials (sediments from the waste pile) contained elevated levels of gross alpha and
gross beta particle activities, radium-226, natural uranium , arsenic, lead, molybdse enum,
selenium, and vanadium. Contaminant concentrations in stream bottom sediments - :
decreased ultimately to natural levels with distance from the waste pile as other
sediments carried along the watercourse become mixed with the mine waste material.
Contaminated sediments from Old San Mateo Mine are in evidence at least 550 meters. (
downstream from the mine waste pile. Nonetheless, even natural levels, of trace _
elements and radionuclides in bottom sediment are relatively high. Bottom sedimeénts = =~ .
can under go a continuing cycle of resuspension in runoff and deposrtlon further -
downstream

L 5 2'7-?"4'5MINE WASTE LEACHlNG TESTS

R ‘Thlrty seven composute mine waste samples were;‘leached wuth acetlc acnd anddelonlzed
- waterin the slightly modified EPAEP toxicity test procedure described in section:3:3.3. -
U pceticacid (pH <5) simulated the leaching effects of -natural rainfall, which is: s:mllarrly .

-~ ‘acidie;and deionized water (pH >7.5), the leaching effects.of rainfall after.contacting
the alkaline rich soils common to the Grants Mineral Belt. Leachates were analyzed for
arsenic, barium, cadmium, lead, molybdenum, selenium, vanadium, zinc, and gross
alpha and gross beta particle activities. By definition, a material exhibits the
characteristic of EP toxicity if any of the contaminant concentrationsin the leachate
exceed federal safe drinking water standards by 100 times or more (40 CFR 261,

~Appendix ).

Table 5.2 presents average leachate concentrations obtained from tests of mine wastes.
None of the samples subjected to this test exhibited the characteristic of EP toxicity. Ne
EP toxicity limits have been established for those constituents found in the highest
concentrations, natural uranium and gross alpha activity. The uranium concentratiors
account for most of the alpha activity (for natural uranium, 1.0 mg/l is equivalent to 677
pCi/l of alpha activity, at secular equilibrium). These results suggest that in a neutrai or

ﬁ%. slightly acidic environment, contaminants in uranium mine wastes have a relatively low =
potentlal torleaching or forsignificantly degrading ground water quaiity.
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(pCi/1) HI} Natural Runoff
Gross Beta ~\\— 168,000
(pCi/1) - .
o) 10,000 20,000 30,000

Radium=- 226
" (pCi/1)

Lead - 210
~ (pCi/1)

~“Natural Uranium HET

(15)
(5)

(15)
(4)

uem
X ‘ - 1 ) 1
R T
FIGURE 5.1 Total radioactivity and uranium concentrations in uranium mine

spoils piles runoff, Grants Mineral Belt.

.58-



_ pCi/g 500

FIGURE 5.2
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425 .

Persistence/attenuation of selected contaminants in sediments
within the drainage system below the Old San Mateo Mine waste
pile. Each analysisis represented by dot; some stations have
multiple analyses. Three nearby stations were used to define
natural background levels.
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TABLES. desults of Mine Waste Leachmg Tes‘ls (EP Toxicty eater Extract) , | : o Q

AVERAGE CONC_ dTRATIONS (mg/l)

MINE As Ba riMO:;;“‘A; - Se . |U-natural v Zn Gross | Gra

| Alpha* | Bet

UNC-NE
Church Rock A o - : _ o ’ ‘ '

4 composite samples) [.005 145 <.01 |- .026. 910 |.029 '<.05:f:706 . {250
KM-1 | 5
Church Rock 2 B i I I S SR :

‘4 composite samples) |.006 142 - 1<.0 1132 o | 00977 | 1.09  [.015 <.05 282

Hydé** ‘ o 4

6 composite samples) | <.005 <.10 143

| <01 | os | 23 Jon 0 fa3e
'\/d”ejo |

7 composite samples) |.006 102 28

1<ov | w006 | 136 |o11 - |<os

Poison Canyon . : PP | : : _
8 composite samples) |.010 176 021 007 | .056 080 <.05 ‘|-
Old San Mateo ] | | ‘

8 composite samples) |.029 .162 164

955 | o069- 142 |on1  |<os

\CRA ALLOWABLE :
LIMITS 5 100

Nl'.’.*** E NL:**‘* : NL*** NL*** . NL*** NL*** NL*

*Concentration iri.pCi/l R
“* Acetic Aaid Extract
** No established limit:®




- The perenmal waters that traverse the mine area have been studied by the EID for.uraniu;

5 3 PERENNIAL FLOW THROUG‘H AN OPEN PIT NIINE -

< TR L. - i M L
t .

The water quahty |mpacts of: an open p|t uramum mine on perenmal streams were studled dio
the Jackpile-Paguate mineon-the.Pueblo of Laguna east of Grants. This mine, covering more . .- -
than 2700 acres-of disturbed land, is by far the largest open pit uranium mine in the Grants.-
Mineral Belt. In its twenty-five years of operation, this mine has excavated almost 200 mllhon ;
tons of overburden and mine waste. This is stored in-28 dump sites spread over more than .

1100 acres. The pititself encompasses about 1,000 acres and, in places, approaches 400 feet in
depth (U.S. Department of the Interior, 1980).

Two of the several natural perennial streams which descend the northeast flank of Mt. Taylor,

the Rio Paguate and the Rio Moquino, converge within the mine; the Rio Paguate continues -

through the open pit area and eventually flows into the Paguate Reservoir. Water released

;rom the reservoir flows into the Rio San Jose near the town of Laguna Fxgure 5.3 shows these
eatures.

A reconnaissance of the Jackpile-Paguate mine area performed by Cooley (1979) provided
visual evidence of uranium mine waste piles affecting surface waters. He reported that mine
waste had been dumped along the margins of Rio Paguate and that:
' . During large flows the river cuts laterally into debris piles. Corrosion ofthe
“ unconsolidated debris adds consnderable bedload-and suspended sedxment to the

. river.

Data presented in a recent study by Popp and others (1983) demonstrate that: mining: aC‘tIVltIES

at the Jackpile-Paguate mine have caused a significant increase in the naturally occurring
radioactivity in that drainage system. Detailed chemical and radiological analyses were- o
performed on the sediment which has accumulated in Paguate Reservoir downstream fron” .
mine. The data clearly show elevated levels of uranium-238 decay productsin sedimentsde o0
after the mid-1950s. -Additionally, lead-210.concentrations in sediments increased from pre--
mining levels of approx1mately 2 pCi/g to average post-mining concentrations of S
approxnmately 10 pCl/g el

industry- |mpacts since. 1978.. Surface water samples were collected quarterly at two, :
background sites (Rio Pagiate and Rio'Moquino upstream from the mine) and one: lmpacte
site (Rio Paguate below the mine). Figure 5.3 shows the sampling locations. SRR

As a result of the typlcally low sediment concentrations in the Rio Paguate, the concentrations:
of suspended (total minus dissolved) radioactive substances are usually negligible relative to
those of the dissolved fraction (Table 5.3). During periods of runoff, however, total
radioactivity would be expected to increase because of greater sediment concentrations.

Water quality data from the three.sites sampled by the EID demonstrate that the dissolved
concentrations of several constituents increase in the streams flowing through the mine ar=a.
Table 5.4 shows that average concentrations of gross alpha emitters, radium-226, arsenic,
barium, cadmium, lead, molybdenum, selenium, natural uranium, vanadium, and zinc are
quite low'in the waters above the mine. In fact, both background streams, dissolved
concentrations of arsenic, cadmium, lead, molybdenum, selenium, natural uranium, vanadium,
and zinc were below detection limits for at least 67 percent of the samples Among the trace
elements, only barium was detected in more than half of the samplesin the two streams.

By the time the Rio Paguate exits the Jackpile-Paguate mine, several dissolved constituent é .
elevated above background levels {Table 5.4). Radioactive parameters experience the largest
dissolved concentrations increases; gross alpha particle activity, radxum 226, and naturai
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FIGURE 5.3

Major features of the Laguna-Paguate mining district
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TABLE 5.3.

SAMPLE DATE

Mine.

. GROSS ALPHA ACTIVIT; (pCl/I)

Radioactivity and Suspended SO|IdS Concentrations i in Rio Paguate below the Jackplle Paguate

RADIUIVI 226 (pCl/I)

? SUSPENDED :

; Dissolved : 'Total : Dnssolved Total SOLIDS (mg/l)
6-09-80 78 + 6* 36401 | 41102 36
12-08-80 71110 1.0 £ 0.03 1.1 £ 0.1 27
6-24-81 155 + 22 1.4 +0.04, 1.7 £ 0.1 5

* Picocuries per liter * one sigma counting error.




| TABLE 5. 4 Average Surface Water Quahty Above and Below the Jackpile-Paguate Mme
Averages based on a minimum of 7 samples.

_ lWISSC)'LVED T RIO MOQUINO ABOVE RIO PAGUATE ABOVE TIO PAGUATE BELOW
@ ONSTITUENT - ). +JAGKPILEMIN < - JACKPILE MINE - JACKPILE MINE: " |
jug/l ,u‘:,n“l;léfss";n'o’,ted)f’_"j ' =

TDS(mg/I) 1540 525 - 1705
S04 (mg/l) © 825 ;_5’ - 155 960
pH (s.u.) 82 . . | 80 8.2
Ba 145 130 145
cd - 2 <1 2
Pb - = <5 <5 | <5

.'- V. | - 10 . 9 | 10"’.

S Zn <250 . <250 . <250

. Gross‘alpha (pCi/ 3.7 | 3 1.'0“ e 79 - -

-Gross beta (an/l) 1. 986

* For locations, are given on Figure 5.3
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uranium all increase by factors of 10 or more. Aside from uranium, there are no statnstically
- sugmfucant increases:in dussolved trace elements concentrations. -




@ oW HYDROLo.GiEEF""E“E':c’T'_é“o”E MI’NEIb“E’Y\(ATERiNG‘EﬁFF[.}J_ENTS.

Drsposal of uranium mine dewaterm’g'efﬂuents i the normally dry arroyos of the Grants '
Mineral Belt has had asignificantimpact on regional surface waters'and ground waters.
Where dewatering occurs, e neralstreams are transformed-into perennial streams.,
~ The artifically supplied perennial streams have'dramatically incréased the volume of .
water that recharges underlying-alluvial aquifers. The added recharge has raised water
tables and increased the amount of ground water that can be easily obtained from

shallow wells. As a result, more near-surface ground waters and surface waters are
available.

6.1. HISTORY

The history of uranium mine dewatering has been summarized by Perkins and Goad
(1980). In general, dewatering has been performed continuously in the region since at
least 1956. The Church Rock and-Ambrosia-Lake mining districts have witnessed the
largest volume of mine dewatering. Water production from mines in the Ambrosia Lake
__district has been ous since 1956, with peak production.in the early 1960s,
Significant dewatering in the Church Rock area ‘began in 1967 and peaked about 1980.
Decline of the industry since 1980°has caused 'several mines to ¢close and the flow of
dewatering effluents to diminish in both the Ambrosia Lake and Church Rock districts.
Some mines.which'are not extrdcting oré, however, have been placed on “stand-by’
status” and continue dewatering operations. Figure 6.1 illustrates the hrstory of

" minewater production in the Grants Mineral Belt through 1982.

6.2. HYDROLOGIC IMP'ACTS ON REGIONAL SURFACE WATERS

6.2.1. General Characteristics of Flow Before and During Mine Dewatering e

Prior to dewatermg of underground uranium mines in the 1950s'and 1960s, thé regronal o
;- -drainages were‘epheémerfal These streamns experienced an wide range of drscharges
=+ from zero flow'to large flash-floods (e:g: . Busby:-1979). ‘Maximum discharges of flash
floods often reach sevétal thousand: cublofeet persecond-(cfs) (Thomas and Dunne,
- 1981). The only significant pérénnial Waters in thetregion are'a few small springs along
the Puerco River, and perenmal streams drarnmg the north and east flanks of Mt. Taylor.

Drscharges of uranium mine dewatermg effluénts have transformed several ephemerai
streams to perennial streams flowing for many miles. Minewaters have provided
perennialbaseflow for Pipeline Arroyo and the Puerco River in the Church Rock mining
district, and Arroyo del Puerto and San Mateo Creek in the Ambrosia Lake mining district.
Qther rewly created perennial streams occur in other regional mining districts not
covered by thisreport. Table 6.1 presents approximate average distances that perennia
flow conditions are sustained by various mine discharges during 1973-1981. The greate'
distances occur along river reaches Nhere stream bottom leakage rates are relatively iow.

Before mine dewatering, flow in the Puerco River, for example, was distinctly seasona!
(Figure 6.2). One season of flow was late winter (Feerary through Aprul) atime of gentle
r frontal precipitation and melt:ng snow. May and June were months of littie or no
" precipitation and fow stream f.ow in the Puerco River. The second season of fiow was
middle-to-iate summer (luly through October). Summersin the region are usuali .
characterized by frequent, intense, and isolated thunderstorms that can produce :arge
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CHURCH ROCK AREA

1960 1965 1970 1975 1980

AMBROSIA LAKE AREA

1960 _ 1965 ) 1970 1975 ‘ 1980

> . | TOTAL FOR ALL AREAS

W s e YR S w

1960 1965 1970 1975 1980

YEAR .

FIGURE 6.1 Water production by uranium mines, Grants Mineral Belt.
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: TABLE 6.1 -Approximate Average Distances of Constant Flow below Mine -~ = =™ @ &g
: " Dtscharges 1979-1981. Location of mining dlstnc’ts shown on Fxgure -
‘ L 2 1 . e e et et
v DRAINAGE CHANNEL  VOLUME OF DISCHARGE APPROXIMATE DISTANCE . 1700
' ' . (gallons per minute) OF FLOW*LmnIJ
: Church Rock Mining District
Puerco River 5000 50 -
Ambrosia Lake Mining District _
Arroyo del Puerto 2300 5
“"fi‘%ﬁ - San Mateo Creek - 1500 3
- / : .~ . .
o . e Mt. Tay/orM/n/ng D/str/ct B
San Lucas/Arroyo Chico 4000 , _ 40°
Crownpomt M/n/ng Dfstr/ct _
" Kim-me-ni-oli Wash : 3400 : - 20

| Riosalads” . ©

VM'arquez M)'ning Area -
Rio Marquez 1000 - 15

*D'stances are based on the authors’ observations, revnew of EID fnles and U.S.
Geological Survey annual water data reports.
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PUERCO RIVER AT GALLUP
— 1940 - 1946

s 7OQ - ——= PUERCO RIVER AT GALLUP ————
S
u.-) $00
& 400

N FEB MAR APR MAY JUN JUL MU SEP OCT MOV  DEC

FIGURE 6.2 Monthly flow in the Puerco River at Gallup before mine-dewatering
and with flow augmented by mine dewatering
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o flash floods. - Autumn months of Novemberthrough January were once again dry, in P

terms of both precipitation and stream'flow. - Tt

With ongomg mine dewatenng “flow in the Puerco Rlver become continuous. Flgure ’
shows that climatic dry seasons (May through June and November through January)are; |
no longer times of no flow in the Puerco.” Whereas during these monthsin the 194051the
Puerco River was often without flow, between 1977 and 1982 the river was neverdry. and
flow at all months averaged at least 120 cfs-days.

Figure 6.2 depicts augmented late winter stream flows, but few high flows in micdle-to-
late summer. The dearth of summer high flowsin recent years reflects the failure of
significant summer thunderstorms to materialize over the basin from 1978 to 1981.

These storms returned in 1982 and 1983. A longer period of record would probably show -
the continued presence of the two high flow seasons that typified the pre-mining era. -

6.2.2. Characteristics of Low Flows

Flow duration curves constructed for daily discharges in the Puerco River for the periods -
1940 to 1946 and 1977 to 1982 further demonstrate the change in low flow conditions "~
attributable to the continuous discharges of uranium mine dewatering effluents (Figure -

6.3). Prior to mine dewatering, streamflow in the Puerco River at Gallup was greater than

1 cfs only 20 percent of the time (Curve A). In fact, the stream was normally dry. Since:~

mine dewatering, however, the Puerco River has been perennial. The median dlscharge

~ (that flow that has been equalled or exceeded 50 percent of the time) is now about S cfs

o 'at Gallup (Curve B) underthe new artificial flow regime.

The Pipeline Arroyo/Puerco River system is now perenmal from the Church Rock minesto
as far as Arizona, a distance of about 50 river miles. Eventually, unless naturally
augmented, all surface flow is lost to infiltration, evaporation, and transpiration.”
Comparison of median flow at Church Rock (Curve C) and Gallup (Curve B) suggests that
about 2.5 cfs of flow is lost between these two gages. Asthe Puerco River contmues mto -
Arlzona its flow eventually becomes intermittent and then ephemeral.

' 62 3 AnnuaIWater Yield - L T - 1

o ‘“Annual water yield, or the yearly volume of surface flow, in the Puerco River at Gallu

- increased substantially because of mine dewatering (Table 6.2). The logarlthmlc mean o
annual wateryield at Gallup was about 1900 cfs-days in the 1940s. Thisis assumed'to Be™
representative of pre-mining conditions The years 1977-1982 exhibit a logarithmicmean -
annual water yield of about 3400 cfs-days. These years, therefore, exhibita 78 percent

increase in water yield over pre-mining conditions.
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"A - at Gallup, N.M. before mine dewatering (I940-1946)
B : ot Gallup, N.M. with mine dewatering (1977-1982)
R S - € = -at 566 bridge near Church Rock (1977~1982) .

" MEAN DAILY ‘DISCHARGE (CFS)
. . 6 . N

PERCENT OF TIME
GIVEN FLOW IS EQUALLED OR EXCEEDED

FIGURE 6.3 Flow duration curves for the Puerco River before mine dewatering
and with mine dewatering
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TABLE 6.2 Annualdischarge for the Puerco Rrver at Gallup before Mine
Dewatering and wnth Flow Augmented by Mine'Déwatéring in cfs-days.
Source: USGS. S

BEFORE MINE DEWATERING | ;r_\(gp_mnmlNE DEWATERING
Water Annual o - Water - - Annual
Year Discharge Year Discharge
1940 7,283 1978 1,502
1941 1.459 ; 1979. 5.656
1942 2,893 1980 5.463
1943 741 . 1981 2,702
1944 3,264 1982 3,446
1945 645
log Mean ‘1,i,'§ps“j R 3,366

Although no stream flow data exust for San Mateo Creek before mine dewatermg flow
records for 1977 through 1982 include periods both of active discharge to San Mateo '
Creek and of no discharge. Dewatering was ongoing in 1977, when flow measurement in
_San Mateo Creek began At that time, about 2900.gallons per minute of dewatering -
- effluents were released to San Mateo Creek (Perkins and Goad, 1980). Beginningin.
spring 1978, however, virtually all effluents were diverted for irrigationandtoan .
adjacentdrainage basin and did not reach San Mateo Creek. The impact of thisdiversion |
on flow in the stream can be seen in Figure 6.4. " It is clear that the dewatering effluents

maintained a small perennial stream at the gage site. Without the mmewaters ﬂow in

San Mateo Creek at the gage. sxt ' m_uch reduced and ephemeral

' ’6 3 ‘ HYDROLOGIC IMPACTS ON RE;GIONAL GROUND WATERS

Streams created by-the dlscharge of“ ewatermg effluents are; wnth the possible
exception of a few reaches, 16sing ‘flow to thesubsurface. While: some surface flow is
evaporated or transpired, a large volume infiltratesinto the arroyo beds, and thereby

recharges the shallow alluvial aquifers of the Puerco River, Arroyo del Puerto, and San
Mateo Creek, among others.

Rates of infiltration were probably greater at the onset of mine dewatering than they are
today because of a gradual "filling” of available storage in the alluvium. Infiltration
rates along Arroyo del Puerto and San Mateo Creek are rapid Relative to the Puerco
River, due to an abundance of sandy material in San Mateo Creek and because of
influences of underlying dewatered bedrock aquifers. Gaging data indicate average
stream bed losses along the San Mateo Creek of approximately 0.72 m3/min/km, as
compared with bed losses along the Puerco River of about 6.24 m3/min/km (EPA 1983).

Infiltration has been estimated to range from at least 90 percent to perhaps 99 percent of
mine discharge (EPA, 1983). A review of flow records from the Church Rock mining
district showed seepage losses of 7.5 m3/min in October 1975, and 7.25 m3/min in July
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FIGURE 6.4 AveraedanlydlschargeforSanMateoCreeknearSan Mateo
beforgand‘aﬁer diversion of mine dewater;ng effluents
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. 1977 and May 1978. In the Ambrosia Lake mining district, infiltration was. calculated at
7R84 m3/min. < : : _ TR

. The overall hydrologic impact of mine dewatering on bedrock:adquifershas beefr-a™ =
' region-wide accelération of drawdown in these aquifers. In a.limited number of’ stream
reaches, however, the hydraulic connection between the alluvial aquifer and underlymg :

 bedrock allows some recharge of deeper sandstone aquifers (Lyford, 1979), i.e, water

_pumped from the minesis returned to the sandstone aquifersviarecharge.

6.3.1. Hydraulrp Connection Between Surface Waters and Shallow Ground Waters

While recharge generally is a continuous process along the minewater-dominated

streams, it is intermittent under natural conditions. The intermittency of natural

recharge largely minimizes the potential for dilution of contaminant concentrationsin -
minewater affected ground water. Under natural conditions, ground-water levels most =
clearly demonstrate a response to surface flows in late winter and early spring. This

period, usually February to April, is one of warming weather, melting snows, and gentle
frontal rains. Stream flows during this period are usually increased above low winter

flows. Moreover, these higher flows tend to be of long duration, often lasting several -
weeks. These ﬂows even though not of the magnitude of summer flash floods, provide'a” -
prolonged perrod of heightened flows that enhance mfrltratlon to the underlyrng -
alluvium. - : : ‘

N Frgures 6. 5 and 6 6 illustrate the rntermrttency of recharge from natural runoff along a . '*
P reach of San Mateo Creek. _In March and early April of 1980, a time when mine S
dewatering discharges to the channel wer o_f_less_tbao_l o
cfs, recharged the alluvium and caused the water table to rise slowly (Figure 6.5). Inlate -
" ) Ap_r_r,I_L_however, stream flow increased to as great as 3 cfs. The period of increased flow =
- -yyas-almost two weeks [ong, ending on April 29, 1980 Ground watérresponse tothe -

elevated flows was rapid: the water table began to rise within one week and peaked in-
mrd May, more than one foot hrqher than in mid- Aorrl

In general shallow ground water levels are, much less responsrve to summer flash floods.
‘Such floods exhibit peak discharges often as.great-as several thousand cfs, but'their “-
“:potential for recharglng ground water is-offset by theéir brevity™ “The: large voldmies of
hunderstorm runoff usually traverse miles'éfdrroyo bed in-aimatter of hours.:While
most of the water‘eventually does infiltrate, it may penetrate ‘ashortdistanceinto

“the alluvium: Ve,ry llttle water reaches the water table -Mos ately evaporated or- '
; transprred : o

‘The relatronshrp between surface flows and ground water levels in summer isillustrated
in Figure 6.6. Afterreceiving significant recharge in late April 1980, the alluvial aquifer
underlying San Mateo Creek experienced adeclining water table through the summer.
Brief runoff fevents oenerated by thunderstorms during August had an insignificant.
impacton
instantaneous peak discharae of 16 cfs (U.S. Geological Survey, 1980), failed to percolate
to_the underlying alluvial aquifer in noticeable guantities. While summer flash floods

tmmmmmmmmmm;mﬂmwmi
alluvial aquifers, San Mateo Creek and other allyvi

_de_rg_o_nstrate a close hydraulrc connection that is most responsive to late winter and
spring stream flow
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6.3.2. .. - Storage-of Water-in Alluvial Aquifers:-

Much of the water resultmg from the dewatermg of uranium mmes has gone mto CorE
storage in valley fill aquifers. Indeed, in
affected aquifers may have risen as much as 50 feet between the onset of mmL o

| dewater_r_ng in the 1950s and the late 1970s (Kerr McGee Nuclear Corp. ,1981).

Minewater production has been greatly reduced in the Ambrosia Lake district

years. Major minewater producers of the 1960s and 1970s (Kerr-McGee and Rancher
Exploration, for exa gle} have drastically curtailed or completely ceas i

_of dewatering effluents into San Mateo Creek and Arroyo del Puerto. Cessation of

minewater dischargesin this drainage basin has resulted in a diminished volume of water .

recharging the alluvium. Water levels in well OTE-1, below the confluence of Arroyo del.

1 6.3.3. Bedrock Aqurfers

Puerto and San Mateo Creek, showed continuous decline from March 1978 to March 1982
(Figure 6.7). During this time the water table at this site fell a total of eight feet, a rate of
2.0 feet peryear. Alluvial water levels subsequent to the cessation of mine dewaterrng
now appear to be returmng to theur natural condrtlons ~

For the most part; ground water recharge by dewatermg effluentsis limited to the -

‘shallow alluvial aquifers. There are a few stream reaches, however, in which the

-+ all ot the mining districts where minewaters flow across bedrock subcrops or putcrops
.- (Figure 6.8). This recharge mechanism has been.noted in the Church Rock area. by o

.Raymondiand Conrad (1983) and Gallaher and' Cary:(1986); at Ambrosia Lake by i*
-~ "Kaufmann,Eadie and Russell (1976), Brod and Stone (1981); and Stephens(1983) ar
. nearSan Mateokby Gulf Minerals Resource Co (1979) ‘

. The total volume o .m‘unewater whrch enters the bedrock units probably represents only E
-small fraction of thatwhich infiltrates to the shallow alluvial aquifers. Nevertheless, in=" ™"

saturated valley fill overlies permeable bedrock with a downward hydraulic gradient.-.

These places are recharge zones for northward droouno bedrock aquiferssuch as the o
. Morrison-Formation. At these localiti R R S

. downward gradients into the alluvium and eventually into the underlymg sand§1g ne.

Recharge of bedrock units by minewaters is seen to occur at varying degreesin vrrtua!ly .

the Ambrosia Lake district, effluents discharged to the Arroyo del Puerto and tothe San. - -~
Matea Creek constitute a significant proportion of the locally derived recharge in the

Dakota and Morrison Formations.

Recharge of the Morrison Formation by minewaters within the drainages is encouraged

by regional dewatering of the unit by the mines. Despite some return flow of formation
waters, local water level declines in excess of 500 feet have resulted from the dewatering
(Lyford and others, 1980).
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.) ) _IMPA_CTS OF M_IN.,E.,,D,‘EWATERING EFFLUENTS ON SURFACE WATER QUALIT.YY
o ‘ThlS chapterdocuments the chemlcal influences that mine dewatering efﬂuents have'hadon
_ the naturalsurface water environment. The chemical quality of treated minewaters drffers in -
- several important ways from the chemical quality of receiving surface waters. Dewatering
* effluents-are most often different with respect to amounts of total dissolved solids and

- suspended sediments, general ionic composition, and concentrations of trace elements and
radionuclides associated with uranium ore deposits.

~ In most affected drainages, dewatering effluents constitute a substantial portion of the total
amount of water. Therefore, water quality characteristics of receiving streams frequently have
been altered to reflect the chemical character of minewater rather than their natural quality.

A comparison of the quality of effluent streams with regulatory standards is presented in
Chapter IX.

7.1 RAW MINEWATERS

A review of the literature indicates that various trace elements, radionuclides, and drssolved _
~* saltscan befound in raw (i.e. untreated) uranium mine dewaterlng effluents (Clark 1974;°U.S.
-+ " EPA, 1975, Perkins and Goad, 1980). In raw minewaters in the Grants Mineral Belt (Tab!e 7 1)

" the constituents present at elevated concentrations a alpha an - .
" activities and the radionuclides radium-226, lead-210, and natural uranium: 2) the’ trace
~ elements molybdenum and selenium and; 3) dissolved solids, particularly sulfate.

“MMWMMMWW
.’ newaters. -

. It was only in the past decade that mine dewatering effluents received any notewdrthy
treatment before their release into Grants Mineral Bel: drainages. Until that time thousands
of gallons per minute of raw minewaters were discharged to Arroyo del Puerto and the,Puerco
. River. As:isuggested by Table 7.1, these waters often contarned hlgh levels of u"' ni ‘ .

; 226 and gross alpha partrcle actrvnty U T b

2 - TREATED MINEWATERS

Begmnrng in the mrd 1970 s, the quality of minewaters drscharged to watercourses began to o
mprove, because many mine operators adopted minewater treatment systems The basrc
" treatment strategy is outlined by Perkins and. Goad (1980):

Once the water pumped from a mine reaches the surface it usually goes through
one or more mine water settling ponds. At most facilities a flocculant is added to
promote settling. Barium chloride is usually added to the liquid after it has gone
through one or more suspended solids settling ponds. Further settling and
precipitation of radium as a barium suifate salt then occurs as the liquid moves
through additional settling pond(s). Where uranium levels are high enough to
justify it, the liquid is usually run through anion exchange (IX) plant for recovery
of uranium contained in the mine water. The IX plant may either precede or
follow barium chloride treatment.

aresult of treatment, minewater concentrations of radium-226, lead-210, polonium-210.
Latural uranium, and qross alpha activity are considerably reduced. Concentrations of most
other minewater constituents, though, are notareativinfluenced by thece treatments. As
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" demonstrated in Table 7.2, a seven-fold reduction in average radium-226 and natural

uranium concentrations in treated minewaters is found when 1975 data are compared with ~
n 1981-82 data.

TABLE7.2 Comparison of 1975 Mine Dewatering Effluent Quality with 1981-82 Quality.
Number of samplesin parentheses.... . ‘
- Constituent - - Flow-Weighted Means
B 1975* - - 1981-82**
Total Radium-226 (pCi/) | 712 (23) "~ 10.5(15)
Total Uranium-natural (mg/l) . 7.25(23) 1.0 (14)

* Calculated from data in U.S. EPA (1975).
** Calculated from data in EID files.

The quality of treated mine effluents during the period 1978 through 1982 is summarized
for key constituentsin Table 7.3. It is readily evident that substantial variability in water

. quality exists between the two major mining districts, as well as within each mining district.
Most striking in this regard are the concentrations of total dissolved solids, sulfate,
molybdenum, selenium, and radium-226.

The wide range in radium-226 concentrations reflects occasional poor operation of the

radium treatment systems. Thomson and Matthews (1981) attribute these "upséets” to

incomplete mixing of the mine waters with barium chloride and to poor settlingofthe
. barium-radium sulfate precipitates. Variability in molybdenum, selenium, sulfate; andtotal. .~
i dissolved solids, on the other hand, cannot be attributed to ineffectual treatmerit. This

variability instead reflects chemical differences in the ground waters discharged from the -
‘. ‘nes, as indicated in Table 7.1.

As would be expected, sludges which accumulate in the minewater treatment pond -
bottoms as a result of settling, floculation, and precipitation are highly concentrated in
radium-226 and other radionuclides. Analyses presented by Perkins and Goad (1980) and - )
__additional data in EID files indicate that the radium-226 concentrations in the'accumulated ™ "~
robably average more than 200 pCi/gram. Under standards proposedbyEPA - o7
(1976), uranium mine wastes with a radium-226 concentration in excess of 5 pCirgram would, | 7."
be treated as hazardous materials-and subject to special handling and disposal procedures. *“= =7

7.3 EFFECTS OF MINE DEWATERING EFFLUENTS ONSURFACE-WATER QUALITY - =it

The previous chapter discussed the significant effects that discharge of minewater effluents has
had on the hydrology of watercourse in the Grants Mineral Belt. Effects on water quality hzve
been similarly significant. This section discusses how the quality of these effiuents differs from
the quality of runoff that constitutes the natural water quality of the stream and how the quality
of these artifically maintained streams changes as'the waters flow downstream.

7.3.1. Comparison of the Quality of Mine Dewatering Effluents with Natural Runoff
Quality 4

Under natural, pre-mining conditions, watercourses receiving mine dewatering effluents, such
" San Mateo Creek and the Puerco River, often have low flows or are even dry. When flow
-ursin these watercourses, it 1s the result either of storm runoff or of runoff from snow melt.
Therefore, comparison of the quality of mine dewatering effluents with natural storm runoff
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collected by EID 'personnel. Numberof samplés in pareﬁtheses.

ONSTITUENT

AMBROSIA LAKE I\/IINING" ISTRI

CHURCH ROCK MINING DISTRICT -

MAX. MIN. | ave. - [ max: MmN _MEDIAN® |/ AVG.
-~ mg/l D i
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quallty provides an indication of how the change from ephemeral to artn‘lcrally mamtamed
“.perennial watercourses has affected chemical quality.

Suspended Sediment

= In all effluent-dominated watercourses, suspended sediment concentrations under minewater
.- baseflow conditions are smaller than the concentrations borne by thunderstorm runoff (see
- Chapter V). EID and uranium industry self-monitoring data indicate that these'simple
~ treatment measures, used to remove radium-226 before discharge to watercouises-usuaty
. reduce suspended sediment concentrations from more than 100 0 mg/l in the untreated -

minewater to less than_10 mg/l in the final efflyent. Runoff has average sus p_e__d_ed_s_edmani
~ concentrations greater than 30,000 ma/!.

Although treated minewaters are relatively free of sediment when they are dlscharged they
eventually become burdened with suspended silts and clays. Stream channels in the Grants

- Mineral Belt which receive mine dewatering effluents are relatively free of suspended
sediments just below the point of minewater discharge. Silt and clay particles are entrained

- from the channel bed as flow continues downstream. On November 13, 1980, for example,

- suspended sediment concentration increased-from 52 mg/l below the Kerr-McGee Church Rock |
mine outfall in Pipeline Arroyo to 3500 mg/l in the Puerco River in Gallup approxnmately 19
:mrles downstream. Similar trends were evident on other days as well.

e

Vs San Mateo Creek in the Ambrosia Lake district also entrams sediment. The prevalence of sand

over fine-grained sediments in the San Mateo Creek alluvium, however, causes suspended
- sediment concentrations, typically less than 400 mg/!, to be lower thanin the Puerco River - :....
‘ system

" Dissolved Solids

Concentrations of total dissolved solids (TDS) in minewaters are variable in the Grants
Mineral Belt._In the western portions of the Ambrosia Lake mining district, mines produce -
. waters with 1200 to 1800 mg/I TDS (Perkins and Goad, 1980). These concentrationsare -
" reflected in Arroyo del Puerto, where TDS concentrations are often 1500 to 2.000mg/ o - i
--Mixing of mine dewatennqefﬂuents with natural waters.resulting fromrunoff. occasaonalu o
di i rcours 1.*Minewaters dischargéd-to, -
.77 Arroyo del Puerto thus bear about twice the concentration of dissolved sohds of that n
' natural runoff in the area, which is typucally be!ow 1 OOO mg/I TDS..

ln contrast minewaters produced in the Church Rock and the eastem oortlon of the
Ambrosra Lake districts usually contain only a few hundred mqg/l TDS. Data presented by
Wﬂ@@m@&lﬂ@sﬂ&ged to Pipeline Canyon and San
Mateo Creek contain only 300 to 600 mg/l TDS._ TDS values in natural runoff are quite
similar. In the these areas, therefore, minewaters have not influenced the TDS
_concentrations of recervmg streams. Itis noteworthy that the TDS concentrations are only
one-fourth of those found in western portion of the Ambrosia Lake minewaters despite the
~ fact that all minewaters are produced largely from the Morrison Formation. High TDS
concentrations in the western portion of the Ambrosia Lake district have been attributed o
greater mineralization of the host rock and to dewatering-induced leakage of more saline

ground water into the mines from the overlying Dakota Formation (Brod, 1979; Kelley and
others, 1980).

i

3
f.

e relative concentrations of specificions in minewaters appear ‘o differ from
-wncentrations found in natural runoff. Analysis of Figures 7.1 and 7.2 indicates that
mmewaters generally have proportionally mere sodium and sulfate than natural runoff.

-84-



R
“‘ ““ w

“:’g’:‘:é‘:‘:&

2 "““"‘ . g )

v  Kerr-McGee Sec. 35 & 36

B Gulf Mt Taylor
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) " . Totalversus DISSOIVEd Concentratlons

in contrast to natural runoff in wh|ch contaminants are largel y agsocnated with susgended

- sediment and precipitates, trace elements and radtonuchdes in treated minewaters are:- et
ina ‘|nthe R

dlssolved phase are highly variable, but typically the dlSSOlVGd fraction of a contammant
constitutes more than 50 percent of the total concentration (Table 7.4). Usually, mor 85
percent of the total concentration of gross alpha activity, molybdenum, selenium, and.natural
uranium in minewaters is in the dissolved fraction. Dissolved radium-226 propor’uons averaqe
about 30 percent of the total concentration.

The following discussion of trace elements and radionuclides focuses on comparison of total
constituent concentrations in treated minewaters with total concentrations in .natural runoff.
Direct comparisons of dissolved concentrations are limited by the amount of available data.
Nonetheless, based on information in Table 7.4, it can be assumed for many contaminants that
~even if minewaters and runoff have nearly equnvalent total contaminant concentrations, then
--the dissolved concentrations in minewaters are probably significantly greaterthan-innatural

runoff, particularly for gross alpha partlcle activity, molybdenum, selenium, and natural
B ;_ﬁ;,uramum :

"Trace Elements

~'Qfthe nine trace elements routinely analyzed in treated minewaters, only th@ concentrations of
_molybdenum, selenium, and uranium are consistently higher than in natural runoff (Figure7.3).
- -e these trace elements are known to be naturally associated with uranium ores, their
" 2nce in surface watercourses suggests that the watercourse is receiving mine dewaterlng
ettiuents. Arsenic, vanadium, and barium are occasnonaII\Ldetected in significant.
concentrations in minewaters, the latter because.itis added in the treatment processto remove . -
- radium-226. Cadmium, lead, and zinc are usually below detectable lev2lsin dewatermg '
efﬂuents and are therefore Judged not to be of concern in these waters.

: Uramum is the trace ‘element with the Kighe nce o
"Grants Mineral Belt..The median ¢oncentrations: of total yranium in AmBrés;

- Rfock effluents of 1.6:and- 1.1 mg/l; respectwely, ar_em_u_ﬁ_and 37 tnmes grea
— medlan concentratnons of. natural runeff.in the dIS‘trlC'tS ~

Molybdenum levelsin minewaters vary from extremely low levels to more thah3.# gl T

. Dischargesin the Ambrosia Lake district have median total molybdenum concentratlons oLO 80
- mg/l._In comparison, only a small fraction of the natural runoff samples collected during this -

study contained detectable concentrations (> 0.01 mg/l) of total molybdenum. Lower

concentrations are found in the Church Rock district, where the medlan total moiybdenum

concentratxon in effluentsis 0.01 mg/l.

The third element that is consistently h|gher in mine dewatering effluents than in natural
runoffisselenium. Treated effluent normally containslessthan 0.04 to 0.09 ma/lselenium, but
a few Ambrosia Lake mines discharge effluent with selenium concentrations approaching 1.0
ma/l. In contrast, data indicate median total selenium levels in natural runoﬁC 0f0.03 rno/l in
Ambrosia Lake district and <0.005 mg/l in the Church Rock district.

dther metals that occasionally appear in dewatering effluents are arsenic and vanadium
Eicvated levels of arsenic and vanadium appear to be restricted to one facility in the region. The.
discharge from the Homestake ion exchange facility in Ambrosia Lake contains sverage fotar
arsenicand vanadium concentrations of 0.05 and .17 maql, respectively,
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TABLE 7.4 Percentage of Total Constituent Concentrations in the Dissolved Phase of
Treated Minewaters, Ambrosia Lake and Church Rock Mining Districts, 1980.

Pp——

| 1 | 7 PERCENTIN
Q® L NO#OF iz s DISSOLVED PHASE

CONSTITUENT | * ‘SAMPLES "

7 RANGE MEAN

As 3 T 12-90 57
Ba 5 ' <35-100 <71
Mo ' 6 | " 88-100 95

Se o 5 83 - 100 93
U-natural o 5. . 68-100 89
v s | . 2-100 .61

"A Grbssa!_pha o _' -6 | ‘ 82.-.100 , 94
’ Grqss‘ beta - 5 - ©72-100 © 93
_ ‘Ra:"'226, e L 6 - . '27 -71 : . | 32
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FIGURE 7.3 Comparison of selected total trace element concentrations in
treated minewaters and natural runoff
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Banum is of potentual interest because itis added as banum chlonde to co- preclpntate raduum-
" 16 from minewaters before their discharge to watercourses. |
_mcentratlons in natural runoff.in Ambrosia Lake and Church Rock districts are: 7.7

~ mall, respectively. These are many times greater than the_cg_ncentca.tms_oi_Q.ZlZ.a’n" 0. 413 in

treated minewaters from these districts.

' Radlonuchdes

A Wlth the exception discussed above of natural uranium, meduanjouconcentratrons of .
radionuclides in treated minewaters are less than those measured for natural runoff (Figure
7.4). Compared to natural runoff, however, minewaters have a higher, usuall

higher, percentage ot total radronuchde concentrations associated with the dissolved phase
EID data indicate that as much as 39 percent of the gross alpha and gross beta particle activitics
of natural runoff are associated with d ded sedi ntr ,
percent of this radioactivity in treated minewaters is normally associated with the dissolved
fraction (see Table 7.4). Total suspended sediments in déwatering effluents are qu:te low
{averaging about 5 mg/l).

The total gross alpha particle activity of dewatering efﬂuents is comparable to natural runoff

levels. Dissolved gross alpha levels of several hundred to over 1,000 pCi/l in dewatering:.-

effluents, on the other hand, are ten to one hundred times greater than dissolved g;g;;a_pba ‘

t levelsin atural runott (normally less than 20 pCi/l). On average, dissolved uranitm accountsfor

" more than 80 percent of the observed total gross alpha activity. Other alpha-emittersin.the '5
uranium-238 decay series (chiefly, thorium-230, radium-226, and polonium- 210) are present in
small concentrations in the effluents relative to uranium (see Table 7. 3)

" Jedlan total gross alpha and beta concentrations are roughly equivalent in Ambrosna Lake .
" and Church Rock mine effluents. Maximum coricentrations of these constituentsin
. . Ambrosia Lake discharges, though, are about 40 percent greater than in the Church Rock’
- discharges. The differences are most likely due to more effective | ion- exchange treatment of
- the mmewaters in the Church Rock district. .

'_"’”dnum in these effluents may be in the dlssolved form natural runoff often exceed 15
-2 totaliradium=226, butis quite lowm dtssolved radium-226, usually less than 2 DCJI T
. facilities; evidently sampled during " upset” conditions, discharged effluent containing75; 89.

~ and 200 pCl/I total radium-226, concentrations similar.to concentrations in untreated--mmewater
Large influxes of dissolved radium-226 may be introduced to receiving watercourses frrom any
mine with ineffective radium-removal processes.

None of the thorium isotopes or radium-228 are normally presentin detectable levelsin
minewaters. Treated minewaters have exhibited up to 33 pCi/l of total lead-210 and up to iS5
pCi/l of total polonium-210, Greater concentrations (several hundred pCiil) may ocur during
periods of ineffective minewater treatment. Although the data arelimited, there doesnot
appear to be significant differences between the Ambrosia Lake concentrations and those

presented for the Church Rock district. Natural runoff, in comparison, typically contains between
4Qto0 90 pCi/l each of total lead-210 and polonium-210.
0 73.2. Fates of Minewater Constituents in Surface Drainage Channels

~f the trace elements and radionuclides identified earlier as being elevated above levels in
natural runoff, onry radium-226 and lead-210 are known 1o undergo significant partit.cning
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changes between dissolved and suspended phases as they travel downstream:.These: -:..... .'.‘ "
ionuclides are usuall lost from:solution shortly after their release to regionalarroyos:

mgnuﬁcant proportion of radium-226-is. dlscharged to the Puerco River in dnssolved o'rm but y"f
the time radium-226 has travelled a few -miles almost none remain in solution. e
Once precipitated or bound to the stream sediments, minewater contaminants aresubject to : .

_being moved downstream during normal artificially-maintained flows or, more significantly; -
during natural runoff events. During major streamflows, minewater- affected sediments are
scoured from the stream bottoms, mixed with other sediments carried by the streamflows, and
redeposited variable distances downstream. In drainages with sediment-rich streamflows
minewater-affected sediments generally become indistinguishable from other sediments carrled
along the watercourse and deposited on the stream bottom due to the large dilution factors -
involved and to the elevated levels of natural radioactivity in regional soils. Popp and others

. (1983) confirmed this along varlous dralnages within the Rio Puerco watershed

. While dissolved radium- 226 and Iead 210 usually precipitate or are adsorbed by stream.
sediments, these radionuclides appear to stay in solution in stream channels that areirelatively -
sediment tree. Dissolved radium-226 concentrations along the Arroyo del Puerto for examJ;Ie
consnstently range between 3 and 6 pCz/l '

Unlike radium-226 and lead-210, the trace: elements uranium, molybdenum, and- selemum and
* the major dissolved solids generally are not rapidly attenuated in the channels of receiving_- -
waters.-These constituents generally remain in solution-and move downstream"with the™ = -~
minewater. Figure 7.5 shows downstream changes in water quality along the Puerco River on
Nctober 6, 1976 as an example (U.S. Geological Survey, 1977). The data show that constituents
_dt precipitating or interacting rapidly with sediment decline gradually in concentration
gownstream, but still may be found in significant levels 50 miles from the mines. The declines nn
selenium and gross alpha concentrations are mostlikely related to decreasing pH levels’ . '
downstream. While the initial dissolved radium-226 concentration is significantly elevated in
contrast with the radium-226 levels measured during this study, concentrations nevertheless -

“decline rapidly downstream. Similar responses have been found by the u. S. Gedlagical Survey "
and.the EID at more, typucal concentrations. . *-- T

&

1p. ] is:si pended concentratlons ofradi
: atsites along the Puerc Ruve ‘-':,fData represent average. concentratlons Number‘of-
samples in parentheses ; o 7 .

" Dissolved Total Suspended* River Miles'

_ Ra-226 -~ Ra-226 Ra-226 From

Site pcin (pCi/l) (pCi/t) Mines
Church Rock Mines 3.2*%*(13) 9.58(13) 6.78
Puereo R.at NM 566 0.22(14) 8.06(13) 7.84 - 51
Puerco R. at Gallup 0.11(12) 7.93(12) 7.82 18.5

*Determined by subtraction.
" **Estimate based on data in Table 7.4.
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FIGURE 7.5 Water quality and flow along the Puerco River from the Church
Rock mines to the New Mexico-Arizona border, October 6, 1976

(source: U.S. Geological Survey).
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VIiL. MINEWATER lM‘bKEfS ON THE QUALITY O'F‘SHAI:LOW GROUND w‘ATERS

Release of dewatering effluents to Grants Mineral Belt a oyos greatly mcreased the
volume of water infiltrating to:shallow alluvial aquifers. Thisinfiltration has been
accompanied by a gradual changein the overall chemistry of these ground waters. [n
certain locations along San M < .and the Puerco River,.

na ters than to na This
condition is most pronounced in areas where stream-bottom leakage is hlgh Evaluation
of this apparent change is somewhat hampered, however, by the lack of pre-mining
ground water quality data.

Many of the impacts realized by surface waters are not expenenced by underlying ground
waters. Minewater constituents that adsorb to sediments or form insoluble precipitates
do not usually reach ground waters. Chief among such constituents is radium-226. As
shown previously, radium-226 quickly leaves solution in most Grants Mineral Belt streams,
either by adsorbing to sediments or by forming insoluble precipitates, and thusisnat
found in significant concentration in alluvial ground water.- On the other hand, ghgmlgal
constituents that do not readily interact with earth materials or form insoluble
precgtates such as uranium, selenium or molybdenum may be found in ground waters

ncentrations approaching those in undilu _ ; andsuggestground water

. degradatxon from mine dewatermg effluents.

“Within the drainages studled effluent- dommated surface flows more closely approxlmute '
the infiltration capacity of the stream channel bottoms than those associated with natural
runoff. The factor that most controls recharge volumes at any given location within'these
drainages, therefore, is duration of surface flow rather than flow rate or volume. Because

" - oftheir perennial nature, effluents potentially may affect ground-water quality to a

! surface water tzxes place. .This commingléd wat:

"~ greater extent than would be projected from a comparison of volume of effluent-to-
: volume of natural runoff.

“Variation of effluent seepage will cause fluctuatlons in ground water quality in the -

~"alluvium. Forexample, during'spring. runoff-more dilution (mixing).of effluent with - =
fthen may gradually with ground water S

in the alluvium. Under thiscondition, ground water quality is probably onlylocally I
- affected. Conversely, under low- flow conditions and with the same amount of effluent
‘discharged, ground water contamination may become 'more sigiificant. Factors

contributing to'degradation of: ground water quality include effluent quality and

quantity, the amount of mixing ot surface and ground water, permeabiiity of the aquifer,
. surface and ground water quality, dispersion, advection, and the biological and
geochemical processes taking place in the subsurface.

8.1 ESTIMATION OF NATURAL GROUND-WATER QUALITY

While the available data are limited, natural, alluvial ground-water quality can be
generally described for some constituents. Pre- mining analyses in the Ambrosia Lake and
Church Rock mining districts are limited in quantity and scope. Due to the rural nature of
San Mateo Creek and the North Fork of the Puerco River, minimal testi
performed before 1974. Most of the pre-mining data are limited to one-time samplings cf
3 tew i1solated windmills for general chemical characteristics, e.q., sulfate and total
1ssolved solids, and thefe are no pre-mining trace element or radionuclide data available
for eitherdrainage. The foilowing analysis of natural ground water quality in these

drainages uses pre- fmnmg data from stock wells 16-K-336 and 16-K-340 located along the
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. San Mateo Creek (Frgure 8 2) There are no pre-mining data available for alluvial waters. -
“along the Arroyo del Puer=to

The mostiuseful rnformatron for descnbmg natural alIuvuaI ground-water quality comes . i~
from wells drilled for and sampled during thisassessment. In particular, data obtained - - -~
from wells located upstream of uranium industry activities reflect the equivalent of pre-. _
mining conditions at those locations. These wellsinclude the BLM wells along the Puerco .-
River (Figure 8. 1) and thé Lee wellsalong the San Mateo Creek in the Ambrosia Lake .
district in the Church Rock district (Figure 8.2)

8.1.1. General Chemistry

Superimposed on any local variabilities in alluvial ground water quality along the North

Fork of the Puerco River are regional-scale quality changes. The available records suggest
that natural alluvial ground water trends from a calcium sulfate water at the BLM cluster
near Pinedale Bridge to a sodium sulfate water at well 16-K-340, and subsequently to a
sodium bicarbonate water near Church Rock at well 16-K-336. The ionic composition are - -
presented in Figure 8.3. The calcium-rich water is reflective of gypsum (CaSOq)-and lime
(CaOH) abundantin the soils near Pinedale. The proportion of sodium increases L
downstream after soils derived from rocks of Jurassic age are encountered (see Figure 2.5). 7 .
All of these regional changes appear to be gradual trends in response to changes in. the o
parent rocks. -

' Along thé North Fork of the Puerco River, water quahty is highly variable with respect to-

~ total dissolved solids (TDS) concentrations. TDS concentrations range from less than 200 to

;"-/\.

over 1500 mg/l and generally increase with increasing distance from the river channel. The
relative proportions of principal cations and anions, however, do not appearto change (
appreciably wrth increasing distance from the channel B

Natural alluvial ground waters along the San Mateo Creek trend from asodium

brcacbonate water atthe Lee wells to a sodium-sulfate-bicarbonate water at the Sandoval

-Ranch_(,ELgure 8. 4 The bncarbonate is reﬂectrve of hmestone rocks near the vul_lage_o,_f _S_an c

;'Mateo : o ) o

| '-Natu raI TDS concentratnons in San Mateo Creek ground waters range from 500 to R

1,000 mg/l (Brod and Stone, 1981). the L
Mateo downstream to the Sandoval Ranch wmomlll IDS concentrationsdonot = - = . o
significantly change; the increase is from 540 to 650 mg/l. T

There are no data to describe natural TDS concentrations downstream for the Sandoval |
Ranch, but concentrations are not expected to increase dramatically in the three-mile
distance to the Otero well cluster location (see Figure 8.2). While San Mateo Creek alluvial
waters downstream of the Sandoval Ranch could be affected by the inflow of Arroyo del

Puer‘co alluvial ground waters, available data suggest that there was minimal alluvial
ralong the Arroyodel P -mini onditi (Kerr-McGee Nuclear

Corp., 1981).

8.1.2. Molybdenum

Under natural conditions concentrations of molybdenum in alluvial ground waters along |
the North Fork of the Puerco River and San Mateo Creek are expected to be low. (
Molybdenum concentrations in ground waters produced from all BLM and Lee wells are
very low, consistently less than detection limit of 0.010 mg/l. While there are no other
ground wdaier data available for estimating natural melybdenum concentraticns, anaiyses
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concentrations of 0.018 mg/l (EID fnles) .Although minewaters have been discharged to
Ye San Mateo Creek above this well since 1976, the depth of the well (130 feet)

' " ioderates the impacts of'the'mine discharges ‘and, as'd’ worst case, the 1980 selenium

concentration represents an upper limit estimate of the ore'mrnmq concentration.

_ASandovaI Ranch because of the oroba ble contrlbutlon of selenlum enriched Poison Canyon "
sediments to the San Mateo Creek aIluvnum

| 8.2 |IDENTIFICATION OF IMPACTS ATTRIBUTABLE TO MINE DEWATERING EFFLUENTS

Due to the lack of pre-mining data, comprehensive descriptions of the impacts of mine

dewatering can not be made for all locations. At many locations, however, minewater

impacts can be indirectly estimated after joint consideration of several pieces of

hydrogeochemical evidence. The principal indicators that suggest if ground water has
+ been impacted at a given locatron include the following:-

1.  Molybdenum concentratlons in alluwal ground water greater than 0.03 mg/l.
Mine dewatering effluents are the principal sources of dissolved molybdenum-
in the Puerco River and San Mateo Creek channels. Runoff from uranium mine
waste piles may contain detectable levels of dissolved molybdenum, but due to
the infrequency of runoff events and dominantly sediment-bound nature of o
the waste pile contaminants, srgmflcant impacts to ground water, if any, should . - :
be restricted to the immediate vicinity of the waste pile. The presence of )
- molybdenum in concentrations greaterthan 0.03 mg/l in alluvial wells along -
these channels is indicative of the presence of mine dewatering effluents. The
absence of molybdenum in these wells, on the other hand, does pot mean that
" minewater impacts are not evident because not all efﬂuents contain elevated
levels of molybdenum (see Table 7.3).

‘lﬁn

2. Uranium concentrations greater than 0.06 mag/l in alluvial qround water along L
’ the North Fork of the Puerco River, and greater than 0.03 mg/l upstream and O 1
- ma/l-downstream of the conﬂuence of San Mateo Creek with Arroyodel
- Puerto. The values:constitute the estimated upper Iumrt concentratnons found
in these ground waters under natural condmons :

g@ 3. Selemum concentratlons greater than O 01 mq/l along the North Fork of the
Puerco River: and:greater.than 0.15 mag/l along the-San Mateo Creek upstream . -7
of its conﬂuence with ‘Arroyo del Puerto. Naturalselenium concentrations

along these river reaches are expected to be relatively low. Natural conditinns

below the San Mateo Creek-Arroyo del Puerto confluence cannot be projected
because of the uncertainty regarding the added influence of selenium-enriched
Poison Canyon sediment on ground water quality.

4. Major changes in total dissolved solids concentrations and in general ground
water chemistry composition within a distance less than 3 miles. Natural
changesin TDS concentrations and in compaosition are expected to be gradual;
rapid changes in both are indicative of minewater effects.

5. Significantdecline in molybdenum, uranium, orselenium concentrations with
increasing depth in the upper portion of an alluvial aquifer. Contaminants
" contributed to the aquifer through stream bottom recharge (as is the case with
minewaters) are expected to be more concentrated in the upper portion of the
aquifer than contaminants naturally occurring in the ground water.
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" While uranium concentrations at the Lee wells are consistently below the limit of

of unfiltered naturalrunoff indicate the virtual absence of molybdenum in sediments and =3
natural waters m these dramages (see Table 4.3). B _ | o .

8.1.3. Uramum natura

Statistical analyses have been performed on data from the North Fork of the Puerco River - - -

“in attempt to estimate naturally occurring uranium concentrations in alluvial ground

waters within that drainage (see Sinclair Probability Plots, section 3.4.1). These analyses
allow differientation of natural ground waters from those influenced by uranium industry
wastewaters (i.e., minewaters and the United Nuclear Corporation uranium mill tailings
spill). Details of these analyses are given fully elsewhere (Gallaher and Cary, 1986) and are
only summarized here.

Results of the analyses suggest that natural uranium concentrations for the North Fork of
the Puerco River average approximately 0.02 mg/l and rarely exceed 0.06 mg/I. The
estimated average natural concentration is identical to that suggested by U.S. EPA (1975).
Average uranium concentrations at the BLM cluster range from 0.014 to 0.048 mg/l.

Natural uranium concentrationsin alluvial waters along San Mateo Creek potentially may

be higher than along the Puerco River. The abundant natural uranium ore outcropsinthe =~ = -
San Mateo Creek drainage (for example, at Marcus and Poison Canyon mines; see Figure "0 o
8.2) probably contribute sediments enriched in uranium to the alluvium and these inturn, .
contribute uranium to ground waters flowing in the alluvium. That natural runoffin the ~: -

" Ambrosia Lake mining district typically contains total uranium concentrationsabout three

times higher than in the Church Rock mining dlstnct isindirect ev1dence for this
mechamsm (see Table 4.3).

. _'.(i [ B

detection (0.010 mg/l), the Lee wells are completed in.alluvium largely derived from non-
ore bearing rock material. As ground water flows downvalley from the Lee well cluster
natural uranium concentrations are anticipated to mcrease gradually as ground water -

:flows tHrough amore uranium-enriched alluvium. Pre:mining uranium concentratrons gt oo
" the'Sandoval Ranchare estimated to have been less than 0.030.-mg/l, based on’! '
./interpretation: .of.gross alpha-activity-concentrations obtained from a 1975 sampll
Sralluvial, wmdmnll SttHe ranch” (U.SEPAT 1975). Na u,,ral uranium concentrations. may ,

increase furtherdownstream. U.S; EPA (1975) estimated that backgroy
may approach 0. 1 mg/| wnthm the Ambrosna Lake mmmq district.

814 Selemum

Under natural condmons selemum concentrations in alluvial ground water along the
North Fork of the Puerco River are expected to be uniformily low, that is, less than 0.01
mg/l. Average concentrationsin the two BLM wells are <0.005 and <0.007 mg/i. Further,
analyses of unfiltered natural runoff indicates the virtual absence of selenium in sediments
and natural watersin this drainage (see Table 4.3).

In contrast, along San Mateo Creek, natural selenium levels may be significantly elevated.
Selenium is known to be locaH\Lenrrched tn soils and plantsin the Poison Canyon area,

(Cannon, 1953; Rapaport, 1963). Itis noteworthy that median total selenium

concentrations in naturat runoff are over six times greater in the Ambrosia Lake mining
district than in the Church Rock mining district (see Table 4.3). < .

Selenium concentrationsin the lee wells are generally undetectable (<0 OOS mag:i). A
1380 EiD anaiysis cfthe downstream Sandoval Ranch windmill showed selenium
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-Alluvial ground waters that are recharged primarily by dewatering effluents have:been-- - -
W foundto assume theionic composition of the minewaters. Such.water-qualitychangesiare

‘seen:in areas of ground-water recharge alongthe Puerco Riverand San'‘Mateo Creek.” - -
‘Pronounced changes in ionic composition of alluvial. ground waters, for examplé; are’seen
at the Confluence test well cluster along the Puerco River. This well cluster is located.
about one mile below the confluence of Pipeline Arroyo, the channel receiving most.of

" 'the'Church Rock mine discharges, and the Puerco River. Itistherefore immediately
downgradient from the point where native ground'watersare potentially affected by = =
minewaters (see Figure 8.1). . R

Figure 8.5 shows that ground waters produced from wells CON-IL and CON-3 have ionic
compositions similar to dewatering effluent and unlike natural waters, as represented by
the BLM well cluster. Wells CON-IU and CON-2, on the other hand, produce waters more
similar to natural waters. Ground water in well CON-3, which chemically most resembles

the minewaters, also has a total dissolved solids concentration similar to minewaters (500
mg/l versus greater than 1000 mg/! at the BLM cluster). Itis apparent that some water in

the alluvial aquifer at that well cluster has been transformed from the strongly calcium-" -
‘magnesium sulfate type to an intermediate type that tends toward sodium bicarbonate.-
Other test wells along the Puerco River that produce ground waters with ionicsignatures - -
similar to that for CON-3 are SPR-1, SPR-3U, GAL-1, GAL-2, and GAL-4. Because of the lack~" -
of pre-dewatering ground water quality data, it can not be definitely stated that allof =+ -
these wells have been affected by the dewatering effluents. . SR

'~ The water quality of shallow ground waters in the San Mateo Creek-Arroyo del Puerto. .
.’ Jrainage has also been transformed by dewatering eftluents. This change in major A
hemistry is most evident near the confluence of San Mateo Creek and Arroyo del Puerto—=- -
7 (seeFigure8.2). One mileupstream along San Mateo Creek, alluvial ground waters at the- -
K» Sandoval monitoring well cluster are of the sodium-sulfate-bicarbonate water chemistry -
' type with a total dissolved solids concentration of about 650 mg/l (Figure 8.6). Aithough
- “minewater from Ranchers Johnny M. Mine gnters San Mateo Creek about 3 miles above’ -
+ the well cluster, nosignificant changes.in ioni¢ composition-areevident in the test wells
‘because of the close chemical similarity between miinewaters dnd natural grodndiwater
hesite (seeiSandoval Ranch windmill analysis, Figu G S

‘In-contrast, downstream from the confluénce EID . .

wproducealluvial ground water that bears a strongignicrésemblanceto Ambrosiatiak :

- minewaters, Figure 8.6 shows that ground waters-at OTE=2,:0TE=4, and RDY-1 now’are all
of the calcium-magnesium sulfate type, as are the minewaters introduced via Arroyo del -
Puerto. Corresponding to the shiftin San Mateo Creek’s alfuvial ground water chemisiry,
total dissolved solids concentrations increased from about 650 mag/l at the Sandoval weil
cluster to over 2100 ma/l roywell cluster, located three miles downstream.

8.4 TRACE ELEMENTS AND RADIONUCLIDES IN GROUND WATER

In addition to altering the dominant water chemistry and total dissolved solids
concentrations of ground waters, infiltration of minewaters has elevated the
concentrations of trace elements and gross radioactivity. Specifically, in test wells
Hetermined to have been affected by minewaters, the concentrations of uranium,

‘. olybdenum, seienium, and gross aipha particle activity are elevated above natural levels
oy 10 to 40 times. Svidence suggests thatinfiltration of mine effluents has caused simitar
responses elsewhere in the region beneath zones of significant stream bottom ieakage
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FIGURE8.5  Ground water quality along the Puerco River near the BLM and i
Confluence well clusters. ( .
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_ Degradatlon of ground water quallty is most pronounced in the Ambrosna Lake mmmg

~district.. This is'to: b,,, , ,ct”ed for the following reasons: 1) approxlmately two-thirds of ;-

“the histgrical minéwater production from New Mexico uranium mining areas hasbeen in:
this district (see Figure 6.1); 2) the quality of the discharged water overall is poorerthan
that in the Church Rock mining district (see Table 7.3); and 3) hydrogeologic-conditions
along Ambrosra Lake dramages result inrelatively rapid infiltration of the wastewaters.

Table 8.1.shows mean contaminant concentrations detected in EID test wells along San
Mateo Creek, the principal drainage of the Ambrosia Lake mining district. Uranium,
_mol bdenum, and selenium concentrations at th
70.005 to 0.01 ma/l. Uranium and molybdenum levels at the Sandoval well cluster are 10 to_
20 times detectable limits due to infiltration of dewatering effluents. Other trace”

{ elements did not exhibit concentrations elevated above those found at the Lee wells.

Down valley below the confluence with the Arroyo del Puerto, uranium, molybdenum,

and selenium concentrations are found to be approximately three times greater than at

the Sandoval well cluster. Uranium and molybdenum concentrationsin the Otero wells .. .- .. . .

are as much 7 times greater than natural levels projected for this portion of the.San Mateo o

Creek (see section 8.1) and tl ’E tha Iocatlonhas been T

substantially degraded by minewaters. ' ; : =
“significantl i i ' (For example, molybdenum

‘concentrations decline from 0.38 and 0.28 mg/! in the shallower wells OTE-1 and OTE-2/(54 -
and 57 feet total depth, respectively) to < 0.01 mg/l in well OTE-4, adeeper well (72 feet - -

total depth) in the same cluster.) Selenium is elevated in all the Otero wells, but is known

to be naturally enriched in the area and can not be exclusively attributed to mine

dewatering effluents. Generally, the pattern of trace element concentrationsin the 'Otero\/
wells comcrdes with that of the Sandoval wells (uranuum > molybdenum > selemum) B

ss alpha particle actnvxtv concentratlons are also significantly elevated
along the San Mateo Creek below the Lee wells. These concentrations almost exclusively o
~ reflectthe alpha radiation of uranium. Gross beta particle activities along theSan-mateo - - - -
~.:Creek:are found in concentrations as much as 100 times those detected at the Lee.wells.
s ‘n‘known which radronuchde(s) contribute prmcrpally to the gross beta concen a.tnon

Radaum 226 concentratlons may also increase due to mmewater lmpacts but the mcrease; i

-~ can noi be verified due to the Iack of pre-mining data. Table 8.1 shows radium-276 :

: X ; Il [ ne of the other test weHs - -
along San Mateo Creek produce water containing more than 0:10 pCi/l of radium-226; on-

verage. Student-t and Mann-Whitney statistical tests show that the mean values for

radium-226 in all the minewater-affected wells are significantly greater (35% confidence)

than levels at the Lee wells. Despite the suggestion that minewaters have elevated

radium-226 levelsin alluvial ground waters, this increase is small and of little practical

significance. A measureable amount of radium-226 may reach ground water, but most of

the dissolved radium-226 in surface waters (up to 4 pCi/l) cle irly does not.

Dueto lack of pre- mmmq data definitive statements can not be made regarding the
' ]

_well on the San Mateo Creek drainage The average uranium concentration of 0.13 mg/! is
slightly above the EPA-estimated maximum natural level of 0.1 mg/l. In contrast, however,
molybdenum is below analytntally detectable levels. Selenium levels are greatly elevated,
but because ground water quality is potentially influenced by Poison Canyon, where (
sediments are énriched in selenium, these levels can not be exclusively attributed to
minewaters.
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TABLE 8.1.

Mean Trace Element and Radrondc‘lrde Concentrations in Wells in the San Mateo Creek Drainage, 1977-1982. Number of

samples for each well is shown in parentheses and standard devnatrons are specified for all means. Well Iocatrons are

indicated on Figure 8. 2

WELLS ABOVE URANIUM

MINE DISCHARGES ' . S WELLS BELOW URANIUM MINE DISCHARGES |

LEE-1 LEE2 1 SAN-2. OTE " OTE-2 OTE-4 RDY-1 .
As ND 68117 7 : N~D‘f e ND | 68£34  ND . 59%24.
Ba 133£38 1137187 28 108:22 1 112333 1324 50 124840 13938
cd NO - ND + ND CoND: ND ND ND
Pb ND ~ ND v IND ND | ND ND ND U ND
Mo  ND 9633 ' | 13360 131455 3815115 2574145 ND ND
Se ND No o | iisstr2 sot77  sor2s 72625 102830 273%128
u ND ND » 251479 754+69 6681144 166%23 - 129%
v ND 12427 ND' ND ND ND  ND
Zn ND  ND ND ND. ND ND D
Ra-226**005% 02 004+02 | 015t03 009+03 011403 01506 013+02 015%03

(pCin) RS *
gross 412 66105 | 18438 200+69 49649  463+49 123119 9213
alpha o
gross 32 412 8937 9639 300t93  291£92 7233 6319
: Al

*ND = notanalytically detected = - ‘
**Radium-226 values reflect samples analyzed by the New Mexlco Scientific Laboratory Division (SLD); for uniformity data by
Fhertine instrument Corp. were not used n catculation of the mpan
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The UNC uranium mill tailings spill in July 1979 greatly complicated the task of evaluating
minewater impacts.on alluvialground.waters in-the.Puerco River valley. Thespill . . s
contained large concentrations of manyradionuclides and trace elements, including the
alpha emitters thorium-230-and uranium and the trace elements molybdenum, vanadium;
and selenium. Thus, in all data collected sirice July 1979 there are always two potential
sources for contaminants: the spill and minewaters. There are some pre-spill data for the Ca L
Gallup cluster, but no pre-spill data exist for the Entrada, Windmill, Springstead, or Coe e
Confluence well clusters. - , , L _ .

Despite this major obstacle, the sources of elevated uranium in Puerco River valley ground
waters are indicated through the use of the same probability techniques used to estimate .
natural uranium levels. These analyses allow differentiation of ground waters influenced
by the spill from those influenced by minewaters. Whereas those ground waters that are
high in both uranium and sulfate have been affected by the UNC spill, which was enriched
insulfuricacid, those'wells that produce high uranium, but low sulfate, have been :
affected by minewaters, but not the spill. Only these results of these analyses (Gallaher
and Cary, 1986) related to-wells affected by minewaters are summarized here. '

Mine dewatering effluents have degraded Puerco River alluvium with trace elements and

radionuclides, although not to the same degree as along San Mateo Creek. Resultsofthe - - - -

aforementioned probability analysis suggest that fewer than one-third (6 of 21) ofthe EID =~

- wells along the Puerco River have been significantly impacted by uranium industry- - - -~ -
activities (minewaters and spill waters). Relatively low infiltration rates along this reach.of -

the river effectively moderate the impacts to the underlying ground water. = -~ -~

Two test wells, SPR-1 and CON-3, were found to contain elevated [evels of uranium Y ‘
attributable principally to minewaters. Table 8.2 summarizes the trace elementand- ~ - -~~~ -
radionuclide concentrations found in these two wells and in BLM wells representative of-
natural alluvial quality. The data indicate a pattern of minewater effects similar to that ;
documented along San Mateo Creek. Uranium and gross alpha particle activity are clearly ...

-elevated above naturallevels in the two downstream wells. Molybdenum also shows i zr =20
increases.above background although for SPR-1 the increase isnegligible :sitiss

- detectable:limit::A small:increase:in-selenium-concentrations is suggested in CQ.

samples.

While minewater.impacts along.a given river reach-may.be relatively limited, they maybe - vz iz
more significant further downstream if streambottomleakage rates increase because of o b
changing'hydrogeologic conditions. The resultant ground water quality impacts would be -+
highly site specific, depending on many factors including the infiltration rate, quality of e

the minewaters, and natural quality of ground water. :

In reviewing the data for trace elements and radionuclides, itis clear that dewatering

effluents are having similar effects throughout the Grants Mineral Belt. Uranium and

gross particle alpha activity concentrations are often elevated in alluvial ground waters
‘downstream from minewater discharges. Molybdenum usually appears elevated although
there are ‘exceptions. Selenium also reaches shallow ground water from minewater

sources. Selenium, however, can also be locally elevated under natural conditions in

Ambrosia Lake. Unless confirmed by evidence of low pre-mining concentrations, the

presence of elevated selenium is not alone sufficient to demonstrate contamination by

mine dewatering effluents. ( '
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| 1ABLE B.Z. Mean Irace tlements and Radionuciides Loncentrations of Selected Wells in
the Puerco River Valley. Number of samples per well is shown in
parentheses. ' :

a7 CONSTITUENT WELLS ABOVE URANIUM WELLS AFFECTED BY URANIUM
‘) s L MINE DISCHARGES -~ . -|. -~ MINE DISCHARGES -
ey | BLM U BLM=2-. | SPR=1  cON-3" T i
. (2) (2) (1) o (2) .

ug/I

As ND* 14 9 6

Ba 100 150 ND 180
Cd ND | ND ND ND
Pb : ND ND ND ND
Mo ND ND 10 170
Se ND 7.5 5 11

U 14 48 145 433
1 v ND ND . | wp ND
; | Zn ND UMD .| oND . ND

pCi -

gross alpha 1043 . 28x10 | 56+15 278410
gross beta 2.6 +2.9 16+4 NA** 118+22
0.32:0.10 | -

- Ra-226 .- 0.13+0.06 " = ST .0,3750.12 7

*ND = Not analytically detected :
**NA = Data not available; analysis not regquested
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85 GEOCHEMICAL ATTENUATION OF MINEWATER CONSTITUENTS -

d‘f’water quality data collected from EID Well§ in the’GrantsNireral: Beltshiows, A
“uranium, ‘radium-226, selenium, and molybdenum concentrations and gross alpha‘parttcle .
TActivity that are above natural levels, but not as high'asinthe discharged minewaters: For
- ~most of these contaminants, however, ground water concentratlons are of the same order

. of magnitude as in the sources. e e

- Mechanisms which may reduce the contaminant concentrations include dilution surface
_adsorption, cation exchange, precipitation, hydrodynamic gispersion, and molecular
diffusion. Dispersion and dilution may eventually reduce contaminant concentrations, but
these processes are slow and may take years or even decades to be effective. D.LLUJ’.LQ.D.._
adsorgtron, cation exchange and precipitation are more likely mechanisms. '

 Decreases of uranium, for example, from more than 1.0 mg/l in minewatersto 0.5 mg/t in
alluvial aquifers can probably be attributed to dilution by native ground waters. Uranium,
molybdenum, and selenium all form anions in the geochemical environment of the Grants
" Mineral Belt and are therefore not greatly affected by some of the most effective-.
attenuation processes, such as surface adsorption and cation exchange. These .. - -
contaminants are therefore relatively mobule in both surface waters and shaHow ground
) waters et
. '*The tendency for uraniumto precrprtate from solutron in Puerco Rlver aIIuvrum was E
“analyzed Using a computer program (WATEQFC) for calculating chemicalequilibria of
natural waters. Emphasis was placed on assessing the chemical stability of ground waters
in EID wells most impacted by minewaters. Calculations were performed separately on
natural uncontaminated ground water {(BLM-1U) and on ground water dominated by
mine dewatering effluents (CON-3)..The predommant phase of uranium is calculated by
the computer program WATEQFC to be di- oxide species. These complexes are subject to
minimal adsorption because of their net negative charge and large molecular radii-
. Tripathi, 1982; Langmuir, 1978) and are therefore very mobile in alkaline aqueous. .
" “’gnvironments. Selected results of the geochemlcal modeling for the- predommant
‘uranium m_rnerals are reported in, Tabl

" The modelrng output that all of the uranrum spec:es constltuents are undersaturated wuth
‘respect totheir mineral phases by at least one-hundred times. It can be-inferred that--
-Agranium-¢oncentrations in the alluvial aquifercannot: be expected-to-decline solely as a
“result of long term equilibrium adjustment. - s 4

 Eardissolved radium-226, in contrast to uranium, the alkahne, QXIdIZIﬂQ conditions found

in_the Grants Mineral Belt promote attenuation and discourage mobility. Because of its
net positive charge, radium-226 is drawn to cation exchange sites on negatively charged
clay minerals, organic matter, and metallic oxide coatings on the surfaces of alluvial
materials. Forsurface and ground waters in the Grants Mineral Belt, only a small fraction
of all radium-226 present remainsin solution. Most radium-226 is probably immaobilized in.
the stream channels sediments. Attenuation of radium-226 is so effective in Grants
Mineral Belt alluvium that apparently minewaters increase the typical dissolved radium-
226 concentrations narmally carried by regional ground waters by only about 0.1 pCi/l.

.
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- _TABLEB.3 Selected Mineral Saturation Indices for Uranium in Puerco River Alluvial _
0 ST e - Ground Water:—- - : o '

e T S
T A N

Mineral or Precipitate

Saturation
CIndex s

- - : Phase Formula

"BLM-1U - - :-01-19-82. » ~ :Tyuyamunite Ca(UO3)2(V04)2
CON-3 01-20-82 Tyuyamunite  Ca(U02)2(V04)2
. - . .. .:Carnotite-A K2(UQ3)2(V0a)32-3H,0
"~ Carnotite-B K2(UO3)2(VO4)7-3H50
. Schoepite UO>(0OH),H,0
... Coffinite - USiOg
. ..Rutherfordine U05CO3

Ahwowwris
A PROYUITWSNIW

Although-data are lacking for other uranium-238 decay products, it seems unlikely that
any of the major daughter products from uranium mining activities could significantly -

- degrade ground-water quality.within the alkaline pH ranges typical of the minewaters: .
Thorium-230, lead-210, and palonium-2I0 all form cations in solution and their - e

. attenuation is likely.to be as effective as radium-226 attenuation. Overall, the:threatto-- -~
. groundwater.is judged to be'small. = ' T
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- documented domestic use of surface'watersinthe Grants Mineral Belt .
.. Nonetheless; the potential:for-effluent:dominated streams;.as modified in chemiical

IX EVALUATION OF WATER QUALI_TY y

Earlier chapters have provrded an overview of both natural water quality in the
Grants Mineral Beltand water.quality:impacted:by-uraniumimining. In order to
evaluate the significance of observed water quality; currentand potential uses that
are made of the water in this area need.to be considered along with relevant
aspects of surface and ground water.hydrology and the physio-chemical fate of
minewater constituents. Furthermore, because of the radioactivity associated with
both natural and mining-impacted- flows the quality of these flows needs to be
compared with established standards and criteria for public exposure.

All surface waters in the Grants Mineral Belt, whether natural or mining-impacted,
are used by livestock for watering. Only artificially maintained perennial streams,
however, are used for irrigation or have potential use for domestic water supply.

All three uses are made of ground waters. The contaminant and radioactivity levels
of surface and ground waters in the Grants Mineral Belth raises concerns about the
suitability of natural and mining-impacted surface waters and mining-impacted
ground waters for present and potentral uses. .

9.1 WATER USES

Comparison of water quahty Wrth crrterra and standards provrdes a means of

evaluating whether.water quality in the:Grants Mineral Belt-is.consistent with | :

current use. Livestock watering is the major use of surface-waters. Watering from = -
effluent-dominated streams is-commonplace: Livestock even use turbid flowsthat= #=in72
may include both natural runoff and runoff from mine tailings. ‘

Irrigation of gardens is practiced along the Puerco River from the Highway 566
bridge to the City of Gallup. Hoses are used to draw water up from the incised
stream to- gardens :

Ground waters are used as domestic water supply-sources. The authors anw of no~ E

--quality. by: physro :chemical:processes;tosaffectthe:quality- ground:waters'provides ©
sufficient rationale to evaluate such streams as sources of domestic water supply.

Moreover, municipalities have considered thepossibility of using dewater ing

- efﬂuents to supplement exrstlng water supply sources. (HISS 1980)

Selected criteria and sta-ndards for Irvest-ock waterrng, rrrrgatron, and domestic
water supply are given in Table 9.1:-The only comprehensive evaluation of water
quality necessary to support livestock watering remains that done by the National
Academy of Sciences-National Academy of Engineering (NAS/NAE, 1972) for the
EPA. The NAS/NAE recommendations are in the form of water quality criteria, that
is, concentrations which, if not exceeded, are expected to be suitable to support a
specific water use. NAS/NAE (1972) also recommended water guality criteria to
supportirrigation use. Aspart of the Molybdenum Project, the relationship
between molybdenum levels in irrigation waters and plants was investigated (Vieck
and Lindsay, 1977). The New Mexico Ground Water Regulations include standards
designed to protect ground water quality for agricultural use (NMWQCC, 1933).
These standards are used in this report for comparison purposes on|y The
regulations should be consulted forinformation on the applicabitity of the
standards.
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TABLE9.1. Selected Criteria and Standargis for Livestqck Wateriny, Irrigation, and Domestic Water Supply.

CONSTITUENT

= WATERUSE

Livestock Watering-

Irrigation

Domestic Water Supply

NAS/NAE' ...

NAS/NAE

Molybdenum
Project

New Mexico
Ground Water
Regulations

New Mexico.
Water Supply
Regulations.

New Mexico
Ground Water

Regulations

TDS

SO4

As

Ba

cd

Pb

Mo

Se
U-natural
vV

Zn

Gross Alphaa

Combined Ra-226

and Ra-228 .

_/’\

mg/l:.

ii
»

0.1
25

0.10

0.010

0.02

1,000 -
600
0.1
1.0
01
0.05
1.0
10,05

5.0

10.0

0.05 '

0010

0.05

001 ¥

1,000
600
' “ 10
b 001
005

£ 5 0.05

10.0

15
5 .

15

300

SOURCES:

NAS/NAE : NAS/NAE (1972) ;
Molyb"'dg;hgr_n Project - Vlec*ad Lindsay (1977)

New Mexico Water Supply
" New Me;};{i(b Ground Wate

I

. [

Matons - NM EIB (1985)
ulaliQDS‘ NM WQCC (1983)

30.0




" - aw Twosources of comparison were used to evaluate the quality of water for domestic @&
0 use. Standards in the New Mexico Water Supply Regulations (NM EIB, 1985) are

: applicableito:water emanating from water supply systems;not-tossurfaceand s>+

ground:watérs'and are used-only for comparison purposes:- Similarly, thé'standards:

- in the New.Mexico Ground Water Regulations (NM WQCC,-1983) are not applicable’

.. - to effluent-deminated streams and are used only for comparison purposes. Both™ ~

sets of regulations should be consulted forinformation on their applicability.

As.both natural water quality and the quality of waters affected or produced by
uranium mining contain radioactivity, standards and criteria in the New Mexico
Radiation Protection Regulations (NM EID, 1980) are used as a basis of comparison.
The Radiation Protection Regulations are not applicable to natural water quality or -
uranium mining and the standards and criteria are used only for purposes of
comparison. The regulations should be consulted for information on applicability.

9.2 NATURALSURFACE WATERS

Perennial.streams in the Grants Mineral Belt are limited in number;-extent, and EIRER:
flow. The other natural source of surface water is runoff associated with stormsand " ° -
_ snowmelt.” Without mine dewatering, runoff would be the surface watersinthe =
Sy Arroyo del Puerto, San Mateo Creek below the community of San Mateo, and the: - & 7"
RN Puerco River. Both natural perennial streams and:naturalrunoff may be used by - =7~ 7
-~ livestock for watering:. LT e o , R
, The quality of perennial streams, which normally carry little sediment, is consistent
with the livestock watering use. Trace elements and radioactivity concentrations;
.’ however, raise concerns about the suitability of natural runoff for this use. '
Furthermore, levéls of radioactivity in natural runoff are sometimes excessive in -
comparison to health criteria and standards. ‘

9.2.1. »Perenh‘iall-Streams.

- Dissolved concentrations of trace elements and radionuclides-are naturally low
. -perennial:streamsin the Grants Mineral.Belt:>Comparisenof naturalwaterguality™
- with livestock-watering criteria for six trace élements; gross -alphasparticle activity: ~
o .and radium:226 indicates that natural concentrations are'nérmally muchless than
c..-.thecriteria(Table 9.2). Similarly, the livestock criterid0f:3;000-mg/ltétal-dissolved -
- solids (NAS/NAE, 1972) is almost double the mean naturalconcentration of 1530 -: - °
mg/l found in the Rio Moquino at the Jackpile Mine. The Rio Moquino has higher
- dissolved solids concentrations than the Rio Paguate or San Mateo Creek below San
Mateo Reservoir. : :

9.2.2. Natural Runoff

Trace elements and radionuclides are found to have highly variable levels in natural
runoff resulting from storms. These levels are statistically correlated with the
amount of suspended sediment carried by the water. Despite the high amounts of
sediment that are sometimes carried by natural runoff, livestock may still use these
waters. Therefore, natural runoff quality was compared with livestock watering
. criteria for the same six trace elements used for the comparison with perennial
" stream quality, but with very different results.
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TABLE S.2. Comparison of Dissolved Concentrations of Trace Elements and Radioactivity in
Perennial Natural Waters with Livestock Watering Criteria.

v g, w‘:‘.’:)?:'j: ’»h:i Al ,;: 2 soan o /\ '

" LIVESTOCK WATERING CRITERIAS

" CONSTITUENT  MEDIAN CONCENTéAﬂoN

mg/l

As | | <0.005 | 0.2
od <0.001 o 0.050
Pb | <0.005 0.1
Se <0.005 | 0.05
v o <0.010 | o

Lz <0050 - 25

pCill

Gross alpha 2 15

Ra-2}26v 5b

aThe criteria are from NAS/NAE (1972).

bThe criterion applies to combined radium-226 and radium-228.
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Measured total concentrations of trace elements and radioactivity mdlcate that--

.+ natural rinoff quality may not be consistent with its use for livestock watering -

." ~ (Table9.3). Lead, vanadium, gross alpha particle activity, and radium-226 are the

& primary:constituents: affectmg thesuitability of natural runoff for livestock "

.~ watering:as median concentrations of all four constituents exceed criteria in both

- the Ambrosia Lake and the Chufch-Rock mining districts. Even though the gross+

alpha-particle activity criterion excludes alpha activity due to natural uranium, the

median gross alpha activities of 1200 and 720 pCi/l in the Ambrosia Lake and the .

Church'Rock mining districts, respectively, far exceed corresponding natural 7777 77
uranium medians of 68 and 20 pCi/l (at equmbnum 1 mg/l of natural uraniumiis

equivalent to 677 pCi/l).

., Oflesser concern are arsenic and selenium in the Ambrosia Lake district and arsenic
. and cadmium in the Church Rock district because of exceedances of livestock
' watering criteria by maximum concentrations. The maximum concentration of
cadmnum measured in the Ambrosia Lake district is at the criterion level.

State limits on allowable concentrations of radionuclides that maybe discharged to ‘
unrestricted areas (that is, areas not controlled for the purposes of protecting an
individual from exposure to radiation or radioactive materials) provide another -
means of evaluating the relative importance of radionuclides concentrations. These -
maximum permissible concentrations (MPCs), however, apply only to state- hcensed
facilities, not to natural runoff (see NMEID, 1980). Comparison of natural runoff- S
© quality with MPCs indicates that radium- 226 is of concern in areas unaffected by the ST
"+ uranium industry in the Church Rock mining district and both radium-226 and lead-
‘ - 210 are of cancernin similar areas in the Ambrosia Lake district (Table 9.4). :
h  Polonium-210 exceeds half its MPC in the Church Rock district; all other = B
" . radionuclides are presentin smalil amounts compared to MPCs. While thesedata..- =
arelimited, it does appear that the radiological quality of natural runoff may be R
worse in the Ambrosia Lake district than in the Church Rock district. | :

. Whileradium-226 and lead-210 sometimes exceed MPCs in uncontaminated,
© ornatural rinoff, natural radiation levels may be a cause for concern even when thes;
radionuclides simply-approach MPCs:A sample fromthe South Fork of tHe P
River:on September21; 1982, provides atypical examplée (Table 9:5). “Both rad
226:and lead-210 occurred atabout75.percent of theirrespective MPCs in this'
- ,--sample. Even though no radionuclide in-the sample exceeded its MPC, the surn'of~
- the ratio of each radionuclide concentration to its MPC exceeds 1.00 (actual valu’e
-1.66) and thus isin excess of specifications set forth in Part 4, Appendix A, Note 1
- the New Mexico Radiation Protection Regulations (NM EID, 1980). Uranium
-industry facilities'licensed under these regulations are not permntted torelease -
water of this quality to unrestricted areas. Yet, watercourses in the Grants Mineral
Belt may receive water of this quality simply as a result of natural circumstances.
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TABLE 9.3. Comparison of Total Concentrations of Trace Elements and Radioactivity in
: ~Natural Runoff with Livestock Watering Criteria.

CONSTITUENT | 0 | JLIVESTOCK WATERING
B TR Media_n,,.A'._‘.);M(‘a'xi_mum Median Maximum. - CRITERlAG =~

AMBROSIALAKE | CHURCHROCK | . . .. .. @
‘MININGDISTRICT. | MINING DISTRICT |~ | == S

mg/l

As 0.13 026 |0.08 030 0.2
cd 0.006 - 005 |0.003 0.06 '~ 0.050
Pb . 0.52 -f‘é‘.o o7 20 0.1
se 003 - - 015 | <0005 003 | 005
v | oe1 32 los 0.92 - 0.1
x| s 7 o s | s

pCi/l

Grossalpha |- 1,200 2,100 |[720 - 1,600 15
o .357225‘,;' - 15 3 9 a7 | s

I

aThe criteria are fro_m NAS/NAE (1972).

bThe critérion applies to combined radium-226 and radium-228.
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TABLE 9.4.

Comparison of Total Radioactivity in Natural Runoff with Maximum Permissible
Concentrations for Releases to Unrestricted Areas. All concentrations are in
picocuries per. hter (pC1/|)

"c‘HuRcH Ro‘ck T

y bOnIyasmgIe measurement is available.

* AMBROSIA LAKE MAXIMUM
.’ ADIQNUCUDES MlNlNG DISTRICT ... ‘ MINING, DlSTRlC o] PERMISSIBLE
P _ Medlan Mammum _Medlan Max - Concentrationa
- Pb-210 88 - 720 153 - R - 100
Po-210 43b 80 450 700 .
Ra-226 15 321 19 47 30
Th-228 22 | 43 7,000
- Th-230 24 42 2,000
Th-232 . | 24 - 43 2,000
U-natural | 68 L _:'379f : __'_14_,9_» o | 203 | 30,000
" aThe maximum permissible concentrations are from Table Il of Appendix A to Part 4 of

the New Mexico Radiation Protection Regulations (NM EID, 1980). The concentrations .
are not appllcable to natural runoff and are used only for comparison purposes.
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. TABLE9.5. - TotalRadionuclide Concentratlon/Maxnmum Permissible. .
- Concentration Ratios for the’ South Fork~of ‘the"Puerco River on
September 21 1982 .

RADIONUCLIDE ., CONCENTRATION MPC? .. CONCENTRATION/MPC

(pCi/l) (pCi/l) ~ RATIO
Pb-210 74 + 12 100 0.74
Po-210 90 + 3 700 0.13
Ra-226 23t 6 30 0.77
Th-230 42 + 4 2,000 0.02
U-natural 14 30,000 0.0005

TOTAL 166

aThe maximum permissible concentrations are from Table 11 of Appendix A to

Part 4 of the New Mexico Radiation Protection Regulations (NM EID, 1980). The

concentrations are not apphcab!e to natural surface waters and are used only for
comparison purposes:-




... 93 . URANIUM MINE WASTE PILES AND OPENPITS oo i o o

0 A petentlal concern about degradation of surface water qualuty fromuranium
5 EmInINgGHs: runoff from uranium mining operations - specifically; frommine waste
piles and openpit operations. Both surface and unhderground mining produce * -
. waste plles While the waste piles vary considerably in respect to ore content, the
- existence of'the piles creates the potential for trace elements and radloactlwty to be -
-carried by runoff into surface water courses. Slmnlarly, open pit mining exposes the
-ore body and creates the potential for contamination of surface waters through -~ "7 7777 ™
runoff. Furthermore, open pit mines have large waste piles nearby which may be
subject to erosion.

Investigation of the largest open pit mine in the Grants Mineral Belt, the Jackpile-
Paguate mine, indicates that while certain radioactive parameters are significantly
\{ elevated downstream from the mine, water quality both upstream and downstream

Fls consistent with the livestock watering use. Investigation of mine waste pilesin
| the Ambrosia Lake mining district, however, indicates that runoff from the piles is -

f of a considerably lesser quality than natural runoff. Thus, such runoffis def:mtely

B not suitable for livestock watering and raises concerns about its levels of

i _radioactivity. Similar results are expected to be found in the Church Rock district.

9.3.1. Runoff From Mme Waste Plles

Runoff from uranium mine waste piles exerts a potentlally significant |mpact on' -
surface water quality in the Grants Mineral Belt bécause of the trace elements and -
radioactivity associated with sediment carried by this runoff. Similar to the
." situation with natural runoff, livestock may ingest such turbid waters.
N

Total concentrations of arsenic, cadmium,; lead, selenium, vanadium, gross alpha

particle activity, and radium-226 found in mine waste pile runoffin the Ambrosia

Lake District are not consistent with ingestion of this water by livestock (Table 9.6).

This conclusion remains true even after the gross alpha activity is corrected for the

;- alpha activity due to natural uranium (1 mg/l is equivalent to 667 pCi/l), whichisnot

included in the livestock watering criterion. The median and:maximum uranium’

--values.of-389.and 41,800 pCi/l are far below-the measured:grossalpha-activity sy

~In fact, for.allcofistitients except arsenic, maximum concentrations are one to- fou
orders of magnitude above livestock watering criterion. Even for arsenic, the =~ -~

. maximum concentration exceeds the livestock watering criterion by overseven ©° I
times. The median concentration of arsenic, though, isatits criterion level and
selenium levels normally do not exceed its criterion.

-9

Even though maximum permissible concentrations (MPCS) for release of
radionuclides to unrestricted areas do not apply to runoff from mine waste piles,
comparison with MPCs provides a means of evaluating the relative importance of
radionuclides concentrations. Even median concentrations of lead-210 and radium-
226 exceed MPCs by an order magnitude and maximum concentrations exceed
MPCs two and three orders of magnitude, respectively (Table 9.7). While natural
uranium concentrations are normally below its MPC, this level was exceeded by the
maximum measured concentration.
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TABLE 9.6. Comparison of Total Concentrations of Trace Elements and Radioactivity in
Mine Waste Pile Runoff in the Ambrosna Lake I\/hmng District with leestock
o Watermg Criteria. R S e
~ MEDIAN o MAXIMOM T
N R WATERING
CRITERIAS
mg/!
As o 0.21 1.5 0.2
Pb 0.56 2.5 ' 0.1
Se 0.03 0.85 0.05
v ' 1.1 - 24.8 0.1
pCi/l
Gross alpha " 10,800 420,000 15
Ra-226 650 34,900 . u5bus
aThe criteria are from NAS/NAE (1972).

b The criterion applies to combined radium-226 and radium-228.

/\.
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| TABLE 9.7. Comparison of Total Radioactivity in Mine Waste Piles in the Ambrosia Lake
Mining District with Maximum Permissible Concentrations for Releases to
Unrestricted Areas. All concentrations are in mg/l.

‘the New Mexico Radiation Protection Regulations (NM EID, 1980). The concentrations
are not applicable to natural runoff and are used only for comparison purposes.

@ :ADIONUCUDE | . MEDIAN MAXIMUM MAXIMUM - L
oot O R e . PERNIISSIBLE R
' CONCENTRATION‘Sa "
Pb-210 1,000 - 30,050 100
Ra-226 650 34,900 30
U-natural 389 41,800 30,000
» .' @ The maximum permissible concentrations are from Table Il.of Appendix A to Part 4 of e s
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et

- When.the results.of. comparison.with livestock watering criteria and MPCs are .
- considered together, the obviguscanclusion is that while the quality of natural-

runoff in the Ambrosia Lake mining district is poor, mine waste pile runoff isworse: ~- -

While information on the quality of mine waste pile runoff in the Church Rock ; ... -

district was not collected, thissame.conclusion is expected to hold in that district. -

also. * ’ -

9.3.2. Effect of an Open-Pit Mine on Surface Water Quality

Streams above and below the Jackpile-Paguate open-pit mine are likely to be used
for livestock watering. In comparison to water quality in the Rio Paguate and the
Rio Moquino above the mine, total dissolved solids and dissolved levels of gross
alpha particle activity and radium-226 are significantly elevated in the Rio Paguate
.below the mine. In addition, dissolved concentrations of some trace elements are
slightly elevated. -

Comparison of livestock watering criteria with dissolved concentrations below the - -
mine indicates that all constituents except for gross alpha and radium-226 are much ... . .
less than recommended criteria (Table 9.8). Only the recommended criterion for - - . - - _
gross alpha activity.is apparently exceeded. The criterion, however, basedonthe - . . ...
criterion for domestic water supply (NAS/NAE, 1972), excludes uraniumand the . - .=, .. "_..
mean natural uranium concentration of 0.12 mg/l below mine accounts for 81 pCi/l . . .-

of alpha activity. Therefore, the gross alpha activity is within the standard andthe -

streams both above and below the Jackpile-Paguate mine are suitable for livestock -

use.

——
N

9.4, RELATIONSHIP OF RUNOFF QUALITY TO STREAM QUALITY

Under natural conditions (i.e., without mine dewatering), flow in San Mateo Creek _ -
below the.community of San Mateo and the Puerco River consists of watersderived = . -
from runoff. Comparison-of natural runoff from storms with livestock watering - - . .-
- critéria indicates that such waters are not suitable for livestock watering primarily=is .- Srovneom
- because of excessive concentrations.of lead, vanadium, gross alpha particle activit)
and radium-226::Data;whilerestricted to the Ambrosia Lake mining district, =~ -
indicates that runoff from-uranium mine waste pilesis even less suited for livestock - -
watering because of even higher concentrations of the same constituents. . zz:i--

Nonetheless, there are two lines of evidence that, when considered together,
suggest that the direct effects of runoff, natural or uranium mine waste pile, on.
water quality are primarily local in extent. First, trace elements and radionuclides in
runoff are bound up with sediment. Both trace element and radionulcide
concentrationsin runoff have been found to have linear, first-order statistical
correlations with sediment concentrations. Further, leach tests did not produce
significant leaching of trace elements from mine wastes. In addition, investigations
of the partitioning of lead-210 and radium-226 between suspended and dissolved
phases of runoff indicate that almost all of the radioactivity is associated with the
suspended phase. ‘

Secondly, sediments from an area become mixed with other sediments carried by .

the watercourse and thus diluted and then deposited along the stream bottom. The ‘
investigations of sediment deposition downstream from the San Mateo mine waste N

pile serve as a case example. Sediments originally identifiable as having the waste

pile as their source on the basis of trace element and radionuclide concantrations,
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| TABLE 9.8 Comparison of Dissolved Concentrations of Total Dissolved Solids, Trace
Elements, and Radioactivity in the Rio Paguate below the Jackpile-Paguate
Mine with Livestock Watering Criteria. o
@ CONSTITUENT MEDIAN.CONGENTRATION. |- LIVESTOGK-WATERING CRITERIA2
n"ig/l ,
DS 1,705 3000
As 0.006 | 0.2
-Cd 0.002 » 0.050
Pb <0.005 | 0.1
Se .~ 0.006 0.05
A 0.010 ‘ 0.1
Zn <025 ' 25
pCi/l
Gross alpha 79 % 185 ' 15
Ra-226 37 %0.14 Sc¢

aThe criteria are from NAS/NAE (1972) |

bThe gross alpha particle criterion excludes alpha activity due to natural uranium.
Therefore, while the mean apparently exceeds the criterion, actually the gross alphais

accounted for by the mean natural uranium concentration of 0.12 mg/l, which is
equivalent to 81 pdCi/l.

¢The radium criterion applies to combined radium-226 and radium-228..




eventually become so m:xed wnth other sediments as to no longer be chemically
dlstmgwshable This phenomon has been noted by Popp and others (1983)

Watercourses of the Grants Mmeral Belt nonetheless are dynamlc systems While
dilution and deposition of sediments serve as natural mechanlsms that limit adverse
water quality impacts of runoff, such sediments do not necessarily remain deposited
on channel bottoms. Instead, storm runoff or flow resulting from mine dewatering
may entrain sediment and thus result in resuspension, further mixture, and later
redeposition downstream. Thus, re-entrainments and later redepos:tlon serves as a
process for carrying trace elements and radnoact:vnty downstream in Grants Mineral
Belt watercourses.

9.6 IMPACT OF MINEWATER DISCHARGES ON SURFACE WATER QUALITY.

In terms of both quantlty and quahty, discharged minewaters are the dommant
type of surface waters in the Grants Mineral Belt. Treated minewaters are used
directly for livestock watering and irrigation and thus should be evaluated for
suitability for these uses. Further, they infiltrate to shallow alluvial aquifers and
may thus secondarily be used as a source of domestic water supply. Therefore,
direct comparison of treated;minewater quality with domestic water supply
standards indicate the changesin chemical-quality, whether by natural means or
treatment, that treated mmewaters must- undergo to be suitable as’domestic water
sources. T : o S ,

In the Ambrosia Lake mining dtstnct the treated minewater constituents of
greatest concern in relation to water uses are selenium, radium-226, and -
secondarily molybdenum (Table 9.9). Selenium normally exceeds standards and -
criteria established for livestock watering, irrigation, and domestic water supply. -
Selenium is of special concern as it remains soluble as minewaters flow downstream
Median radium-226 concentrations slightly exceed both the livestock watering and
irrigation criteria and the New-Mexico Water Supply Regulations standard for.,,
domestic water supply.:The maximum radium-226 concentration also exceeds the

‘New Mexico Ground Water Regulatlons standard.for protection:of ground waters-

" “for domestic water-supply use/:While radium-226 readily becomes adsorbed onto
‘sediment or is ¢co-precipitated and thusthrough these:mechanisms tends to become
" déposited on stream bottomis, the radium-226 associated with:sediments may also

be later entrained and transported downstream by runoff or dewatering effluents.

While mmewaters arenot known to bevused forirrigation in.the Ambrosia Lake
mining district, the use of minewaters for irrigation in the Church Rock district
indicates that potential for such use exists. Molybdenum levels are normally more
than a magnitude higher than the criterion recommended by Vleck and Lindsay
(1977) to prevent excessive plant uptake of molybdenum. Further, while
molybdenum levels normally meet the considerably higher New Mexico Ground
Water Regulations standard for protection of ground water forirrigation use, the -
maximum measured molybdenum level even exceeds that less restrictive st tandard
by a factor of three. Molybdenum like selenium remains in solution.

Concentrations of other constituents shown on the table raise further concerns
about the use of treated minewaters in the Ambrosia Lake mining district. Total
dissolved solids and sulfate concentrations normally exceed the New Mexnco Ground
Water Regulations standard for protection of ground waters for | irrigation and
domestzc water supply use. Arsenic meets the livestock watering criterion, but the
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TABLE9. ‘Jg

aemparison of Total Concemratsons in Minewate
riteria and Standards. A

gcharges in the Ambrosia Lake Mining District wiiﬁgatgr_Use

USE CRITERIA AND STANDARDS

NOTE:

lm‘ormation on thé;sdu'rces of the use cri'teria and standards is found in Table 9§1

MINEWATER o
CONCENTRATIONS ‘
i Lwestnck Watering lrrigation Domes’uc Water Supply
CONSTITUENT Median Maximum (NAS/NAE) (The (NM Ground (NMWater (NIVIGrOund
P (NAS/ Molybdenum | Water Supply ' Water
‘ NAE) Project Regulations) Regulatl,or)§) Regqulations)
DS 1,610 2.615 . 3,000 1,000 1,000
o) 755 1,370 9 600 600
As 0.011 020 0.2 lo.10 0.1 0.05. 0.1
Ba 0.21 1.7 10 1. 1.0
Mo 0.80 3.2 0.020 1.0
Se 0.09 1.0 0.05 - 0.02 . 0.05 0.01 0.05
U natural 1.56 3.0 5.0 5.0
v 0.029 0.29 0.1 0.10
pCi/l
Gross Alphaa 635 | 1,760k st g5 "
Ra-226h 6.4 200 : 5 5 -




" .and:domestic:water supply use, the maximum barium level-exceeds these standardsf-_i.,- -

o Gross alpha partrcle activity exceeds the numeric level of both the hvestock

R ) o ERET R —
~ maximum-arsenic- |eve| exceeds its irrigation crlterlon and standard and its domestrc S
water supply standards. While barium levels normally meet the New Mexico Water
Supply: Regulatlons standard.for domestic water supply and:ithe New"México, -

Ground Water Requlations standard for protection of ground waters for irrigation

“ In' a similar manner, vanadium levels normally meet and the maximum lével exceeds -
livestock waterlng and |rr|gatron criteria.

- Gross alpha particle activity levels, which exceed the numeric levels of both the
livestock watering criterion and the New Mexico Water Supply Regulations
standard for domestic water supply, are accounted for by the alpha activity of
natural uranium and thus are not exceedances as the criterion and the standard do
notinclude alpha activity due to natural uranium. There is actually a large disparity
between the calculated natural uranium alpha activity and the lower measured
gross alpha activity levels as the median and maximum alpha activity levels for
uranium are 1,060 and 2,030 pCi/l, respectively. Such differences, though, are
common as a result of the difficulties of measu ring gross alpha activity.

In the Church Rock mining district, the treated mlnewater constltuents of greatest .
- concern in relation to water uses are selenium and radium-226 (Table 9.10). - .. . .. ..
Selenium normally exceeds criteria and standards established for livestock watenng o emie
irrigation, and domestic water'supply. Maximum radium-226 concentrations exceed,_. IR
livestock watenng and irrigation criteria and domestic water supply standards »

Of lesser concern in the Church Rock district are barium and molybdenum. Bariumis
normally below its New Mexico Ground Water Regulations standard for protection
of ground waters irrigation and-domestic water supply, but the maximum observed
concentration was slightly higher than twice the standard of 1.0 mg/l. Molybdenum
levels are normally less than the irrigation criterion recommended by Vleck and
Lindsay (1977) and even the maximum level is only about one-half the New Mexico
Ground Water Regulations standard for protection of ground waters for irrigation ., - -
. 'use. THe irrigation criterion, however, is exceeded bythe maximum observed level.: .. o~
~-While the maximum measured total dissolved solids: concentration of 1,190 mg/l, '
exceeds the-New:Mexico Ground-WaterRegulations: standa'rdfor protectron of
~ground'waters for.irrigation and domestic water 5upp|y vl concentratrons ars
' normally lessthan half the standard. B N

watering criterion and the New Mexico Water Supply Regulatrons standard for
domestic use since the criterion and the standard do not include alpha activity due
to natural uranium, these levels are not exceedances. The median and maximum
natural uranium concentrations are equivalentto 724 and 1,220 pCi/l of alpha
activity, respectively. The differences between gross alpha ac‘crvnty and the
calculated alpha activity due to natural uranium are attributable to the difficulties
of measuring accurate gross alpha activity levels accurately.

In summary, comparisons of treated minewater quality with criteria and standards

raises concern about the suitability of these waters for livestock watering,

irrigation, and domestic water supply usss. Treated minewaters in the Ambrosia

Lake district are poorer in quality and le- suitable for these uses than those in the i
Church Rock district (Table 9.11). Overal;, the major constituents atfecting the ( .
suitability of treated minewaters are sefenium, molybdenum, radium-226, total :
cisselved solids, and sulfate. Of these five, total dissolved solids and suifate aré'the

least important, as these waters are not known to be used as domestic water
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TABLE 9. 1feompar|son of Total Concentatlons of l\/llnewate' ehar_.ggs:_i‘n;the Church Rock Mining District with_‘_V\fg Use Criteri:

nd Standards

“ONSTITUENT

MINEWATER  f}- - USE CRITERIA AND STANDARDS
CONCENTRATION - - [~

leestock Watermg R ~ Irrigation Domestlc Water Supply
y o (NAS/NAE) -] {The (NM Ground (NM Water» (NM Ground
(NAS/ :§ ,Molybdenum | Water SeiT 1 Water

Median Maximum:

TDS
| SOy
As
Ba
Mo
Se
U-natural

V

‘Gross Alphaa

Ra-226b

NAE) UProject ‘Regulations) Regulations)

mg/l -

452 1090 Gof)zo3000 R 1,000 11,000

136 600 600 600

<0.005|  002; o2 BN I B RN 0.1

0.413 21 1.0 1.0

0.01 0.6 002 |10

0042 03 0.05

© 005 (looz | . 005

107 1.8 so || il 0 50

0012.] 007 0.1 MNo.10

pCi/l

440 » 1,200 A ‘Hx’k;ls : . Au, , . . o . 15

2.0 89 ff s o Is - | 5 < 30

NOTE: lnformatiOn'bh?fhé inr.f' o

AThe aross alpha particle activit
apparently are exceedano i the'




TABLE 9.11.

Constitutents of Treated Minewaters and Affected Water Uses. Major
constltuents affectmg water uses‘are indicated by M; secondary constltuents T

CHURCH ROCK MINING DISTRI('\'_"

Domestlc

T | B . o , Domest:c
Constituent - || Livestock - | Irrigation- | Water Livestock  [Irrigation | Water ..
' © - ||Watering - Su»pp_ly ‘ Watering Supply .

o5 wo | o s s

S04 M M

As S S

Ba S S S S

Mo Co M S S -

Se M M M M M Y

,Ra-zie- m ™ ™ s s 5.

NOTE:

A constituent affecting a water use is considered major if the median - - .
“concentration exceeds the most sensitive criterion or standard given in Table 9.1
for a specific use (i.e., measured levels normally exceed the criterion). A
constituent is considered secondary if the median meets, but the maximum
exceeds the most sensitive criterion or standard for a specific use (i.e., while
measured levels normally meet the criterion, exceedances are found).
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supplies or, in the Ambrosia Lake district where total dissolved.solids concentrations

~ . are higher, forirrigation. Further, a compliance evaluation of total dissolved solids

and sulfate in relation to irrigation use would need to consider individual ions, soils,
““crops, and acceptable yields.” As mentioned earlier, radiums226- ‘decreases as waters
“flow downstream from adsorption and co-precipitation and deposition, but may be
-resuspended. Selenium and molybdenum, however, remain soluble and. thus -

continue to affect water use downstream as well as at the point of dnscharge

* Most radionuclides in treated mmewaters are well below the maximum permissible
concentrations (MPCs) for releases to unrestricted areas except for radium-226

(Table 9.12). While the MPCs apply only to state-licensed facilities and not to
treated minewaters, here again MPCs serve as a useful basis for comparison.
Radium-226 concentrations are normally below its MPC, but maximum levels exceed

" the MPC by almost three and seven times in the Church Rock and Ambrosia Lake

mining districts, respectively. The maximum levels reflect poor operation of
treatment systems. The only otherradionuclide present in significant amounts in
relation to its MPC is lead-210 in the Ambrosia Lake district. The median and
maximum measured concentrations are 1/7 and 1/3 the MPC, respectively. Both
radium-226 and lead-210 are usually lost from by becoming sediment-bound and
deposited on stream bottoms, but may later be resuspended.

- Animals exposed to Puerco R|ver water tend to have hngher concentra'uons of

" radionuclides in their tissues than control animals (Ruttenber and others, 1980)."

the risk to people who eat these animals.

- ..of 5.0 mg/l.was established for chemical toxicity, ‘and-the MPC for releases to. -
onrestncted areas, equivalent. t0:44.3 md/l, is based on radiotoxicity...in contrast;

" Evidence suggests that observed radionutlide concentrations have resulted from

prolonged ingestion of contaminants predominantly derived from mine dewatering -- -
effluents and native soils. A separate EID study (Lapham and Millard, 1983) is
intended to examine livestock throughout the Grants Mineral Belt and to quantify

While no current health standard for tranium was exceeded in treated minewaters, s
recent data suggest that chemical and radiological toxicities for uranium have been R
substantially underestimated. The New Mexico Ground ‘Water Regulations standard L

e.water, developed from recent; data: b.y;
_ 1983), are:0.2.1 mg/l. and 0.015 mg/l-
,='|ty, respectively. If thése morestringent

uggested. maximum daily limits
he'U’S. Environmental Protecti
ased on.chemical toxicity and r

..limits are used for comparison, Vi rtu‘ lly none of the.effluent affected-waters would

e#@

" be considered suitable for potable water without further treatment.

9.6 IMPACT OF MINEWATER DISCHARGES ON GROUND WATER QUALITY

Dewatering effluents have infilterated shallow alluvial aquifers to such an extent
that ground waters along San Mateo Creek downstream from the Ambrosia Lake
mining district to the Otero well cluster and in localized areas along the Puerco
River downstream from the Church Rock mining district now have a strong chemical
resemblance to treated minewaters. Comparison of mean values for five wells
along San Mateo Creek and two wells on the Puerco River determined to be
affected by minewaters with use criteria and standards indicates that only
molybdenum, selenium, and perhaps gross alpha are currently found in high
enough concentrations to raise concerns about the suitability of shallow ground
waters for livestock watering, irrigation, and domestic water supply uses (Table
9.13). Concentrations of other constituents are well below use criteria and
standards.
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TABLE 9.12. Comparison of Total Radioactivity in Minewater Discharges with Maximum

Permissible Concentrations for Releases to Unrestncted Areas AH concentrations

~in pCi/l. o B IRGEAEL AT LY L IR
AMBROSIA LAKE. | . .. CHURCHROCK . ] MAXIMUM
sl MINING DISTRICT. ..~ }+ .- . MINING-DISTRIC PERMISSIBLE ’
.| RADIONUCLIDES S 77| CONCENTRATIONa
-t Median Maximu.m';;M_e”d»i‘a‘n ~ Maximum®. .|
Pb-210 14%5 336 |- 10+ 2b 100
P0-210 1.1+04 14%2 |98t7.4 15%5 700
Ra-226 6.4+12 200£10|2.0£0.2 895 30
Ra-228 0+ 2 02 |- 0%2b 30
Th-228 <0.1 Q3] e <0.2b 7,000
Th-230 o.?to.z  4.0%0.5] - 3.9+0.50 | 2,000
Th-232 <01 =01 f-s <0.2b° | 2,000
‘U-naturalc | 1,060 . 2,030 |724 1,220 30,000

ERE Maxnmum permnssnble concentratnons are 'from Table II of Appendlx A to Part 4 of the New
| Mexico Radiation Regulations (NM-EID; 1980). The concentratlons are not appllcable to .
treated minewatersand are used only~for companson '

b Only two samples were analyzed for this radlonuchde in the Church Rock mining district.

¢ Uranium radioactivity was calculated from total concentrations in mg/l by using the
conversion facor, 1.0 mg/l equals 677 pCi/l. _
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TABLE J.13.

Mean Concentrations ot Ground Water Constituents Exceeding Use Criteria
and Standards.

“MOLYBDENUM SELENIUM.
‘A;-r_fff'ected ‘Mean Affected’ i _ et
.Concentra- . Use Concentra- Use L .Concentra- .. Use
- SO Ttoms o tions “ftions:
. I (mgft) o (mg/1) (pCI/l) '
San Mateo Creek
| SAN-1 0.018  DWS 184+38 LW, DWS
| san-2 o 0018  DWS 20969 LW,DWS
| oTe1 0381 IRR 0.080 LW, IRR, DWS
-] oTe=2 0261 IRR - 0072 LW, IRR, DWS
“ ol oTEa 0102 LW,IRR,DWS |
o - Puerco River = -
©yocon-s | 070 0 RRT | 0011 Dws
3

NOTE:

""Gross a pha-

o ‘AIRR, (i mga_tlon:);..

The following use-c"riteri’aandrStan‘d,ards were used in preparing the table:

15. an/I

NAS/NAE (1972)°

'~ 0.150 mg/!
0.02 mg/l

Mo

The Molybdenum Pro;ect (Vleck and
Se

Lindsay, 1977)
, NAS/NAE (1972) :
DWS (domestic water supply)

New Mexico Water Supply Regulations
(NM EIB, 1977)

New Mexnco Water Supply Regulatxons
(NM EIB, 1977)

Se 0.01 mg/l)

Gross alpha 15 pCi/l (except for

uranium and radon)
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" the three wells located farthest downstream on the San Mateo have selenium-.

.. tailings spills in local.areas on the shallow aquifer has obscured possible effects
related'to dewatering:-The levels of selenium-and molybdenum,-However, in

7 No currtent health standard for uranium is exceeded in a‘ll“uvra|'ground waters. If the ey

‘_,Selenuum is, the_major constituent affectmg the suntabrhty of ground water for

‘use. The most sensitive use is domesticwatersupply;:the |eas:
sensitive, livestoe Cwatering. Selenium concentrationsin‘all-five wells along'San™
‘Mateo Creek and in one of the two wells (CON-3) on the Puerco River exceed-the . . ...
" standard forpublicwater supphes in the New Mexico Water Supply Regufations. S
The mean for.CON-3, though, is essentially at the level of the standard. In addltlon L

‘concentrations well above use criteria and thus are not suitable for livestock

‘watering and irrigation. The molybdenum criterion forirrigation is exceeded at
‘two wells in the Otero cluster along San Mateo Creek and at CON-3 on the Puerco
River.

Gross alpha partrcle activity is generally elevated in ground waters influenced by
dewatering effluents, but this increase is usually the result of natural uranium and
thus does not constitute an exceedance of the livestock watering criterion and
public water supply standard of 15 pCi/l. Only SAN-1 and SAN-2 had excess gross

-alpha activities of 34 and 39 pCi/l, respectively, not accounted for by natural
uranium levels. Because of the difficulties involved in measuring gross alpha

- particle activity accurately and resulting errors assoc1ated wrth such measurements,
‘ these excess levels may be artifacts. oL

Companson of ground water quality Wlth use cnterra and standards raises deflmte i
~concerns about shallow alluvial aquifers along San Mateo Creek. The'suitability.of . .
these ground waters for future use has already been affected. Unfortunately,
sufficient data are not available to examine trends and to make predictions on
future water quality.

Conclusions on ground waters alongthe Rno Puerco are notso clear cut. The :
alluvium along the Rio Puerco is less permeable than along San Mateo Creek with
the results that affected areas are more localized. Further, effects of the UNC .

.....f;CON 3;'while lowerthanlevelsin wells along San Mateo Creek
Fisal potentralfﬂor ffici ~ - RO
., affect future vat

. rndncate that the

. more stringentsuggested limits discussed in section 9.5 are used forcomparison,

" however, virtually none of the minewater affected ground waters would be .
suitable for potable water without further treatment. Because elevated levels of
uranium may persist in alluvial aquifers for a decades, this treatment would have to
be sustained for Iong period of time.
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~ X./LEGAL AND REGULATORY-MECHANISMS

Uranium mine operationsin N exico are p‘otentlally subjectto a
number of federal and state laws and regulations. No single statute addresses all
significant water quality impacts resulting from uranium mining. Therefore, in
order to deal with the major water pollution problems discussed in this report, the
full range of currently and potentially applicable laws and regulations is evaluated
in order to determine the most effective means of control

Applicable water pollution control statutes are the federal Clean Water Act and the
New Mexico Water Quality Act. Otherstatutes that bear less directly on water
quality, but are relevant to the overall effort to protect water resources are the New
Mexico Radiation Protection Act, the New Mexico Abandoned Mine Reclamation
Act, the federal Resource Conservation and Recovery Act, and the federal
Comprehensive Environmental Response, Compensation and Liability Act.

10.1. CLEAN WATER ACT

The Clean Water Act is the cornerstone of federal water pollution control programs. ™
The objective of'the Act as stated in Section 101(a) is ”... to restore and maintain the
- chemical, physical, and biological integrity of the Nation’s waters.” Among theé

' national goals established by the Act to achieve this objective are elimination of the »' EE

. discharge of pollutants into navigable waters and prohibition of the dnscharge of -
toxic pollutantsin toxic amounts (Sections 101(a){1) and (3)).

Section 402 of the Act establishes the National PoHutan_t Discharge Elimination

- System (NPDES), to regulate discharges of pollutants into navigable waters through
apermit program. Under Section 502(7) ° navugable waters” are defined as "waters
- of the Umted States, mcludmg the territorial seas.” The courts have broadly
construed navugable waters” to mean not only perennial rivers but also their

. tributaries, including intermittent streams flowing through normally dry arroyos.-

~.-NPDES permits for duscharges in New Mexico are :ssued by the EPA Reglon VI ofﬁce e

' :__jm Dal!as

“To |mpleme t the NPDES permnt program the EPA establlshes efﬂuent I:mltatlon .
guidelines for various categories of discharges. These serve as a basis for effluent -
limitations in specific NPDES permits. The effluent limitations guidelines specify

both the pollutants and the allowable dlscharge concentrations or loads for a type
ofdlscharge :

Under the program uranium mines are classed as part of the ore mining and
dressing point source category. Effluentlimitation guidelines, published in 40 CFR
Part 440, have been established for the following constitutents of uranium mine
dnscharges

total suspended solids
chemical oxygen demand
uranium

zing

total radium-226
dissolved radium-226
pH
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L 'dlschargmgmto ephemeral streams which; they.contend, are.-not “navigable;-

While efﬂuent llmltatlon gundelmes normally serve as the permit conditions, NPDES

- _permits.can.be:madeimorestringent:thanithe/guidelines as-a consequence either ofrus
a case-specificanalysis'by:the EPA or of more:stringent permit conditions imposed: - -

through state certification. Section 40t.0f the Act requires the EPAtoinclude .~ - ..: .o .

effluent limitations, other limitations, and monitoring requirements certified by a -

state asnecessary to. meet Clean Water Act requirements and state law, regulations,

and standardsin a permit.-In New Mexico;.NPDES permits are certified by the EID as

part of its responsibilites delegated by the New Mexico Water Quality Control

Commission (WQCC). As a result of state certification, NPDES permits for uranium

mines in New Mexico include monitoring and reporting requirements, butdo not

specify numeric I|m|tat|ons for the followmg parameters:

barium
manganese
molybdenum
selenium

_ vanadium
lead-210
polonium- 210

NPDES permit conditions for uranium mmewater dlscharges in the Grants Mmeral

-Belt are'summarized in Table 10.1. The NPDES permit for Gulf Mineral I
Resources/Mt. Taylor does notinclude all the normal monitoring and reporting: - - -
requirements because the omitted parameters are being requlated under the state
Ground Water Regulations.

o
FN

i

:

-In practice, the NPDES permit program has-not proved to be an effective-means to
regulate minewater discharges. Almost all NPDES permits.issued to.uranium mines
in New Mexico have been legally challenged by the mine operators. Until these
cases are finally resolved by the courts, NPDES regulations. preclude EPA from takmg
enforcement actlon agannst the contestmg permlttees :

.n'.«,'l B

FESIN

The :mi:q-:e-,.operato.rs fh'a'v,e:.as'serted l-that-zfthe_E'RA ,cks JUl’lSdlCthn because th ey a

" waters” within the meaning of the Clean. Water Act. ThlSJurlsdlctlonal challenge
has been rejected.by every court decision thusfar. In fact, in June, 1985, the U'S.
Court of Appeals for the Tenth Circuit upheld an EPA administrative rulmg affectmg* :
the Homestake Mining Company mines and the Kerr-McGee (Quivira Mining =~ -~ - = f
Company) Ambrosia Lake and Lee mines. In the August 5, 1983, order, EPAruled - - - -~
that San Mateo Creek and Arroyo del Puerto can be considered waters of the Umted '
States that are subject to EPA regulation because a surface connection can exist

between them and navigable waters during intense rainfalls. On January 13, 1986

the U.S. Supreme Court announced it would not review the Court of Appeals

decision, thus indirectly upholding the decision. The Homestake Mining Company

permit was stayed, and thus remained unenforceable, from 1972 through 1985.

10.2. NEW MEXICO WATER QUALITY ACT

In 1967 the New Mexico Legislature enacted the Water Quality Act. This Act created
the WQCC and authorized the Commission to “adopt water quality standards as a
quide to water pollution control” and also “adopt, promulgate and publish
regula‘rlons to prevent or abate water pollution in the state.” The Act defines water
to include “water situated wholly or partly within or bordering upon the state,
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“GEL-

NPDES Permit Conditions for Uranium Mmewalet Olscha(ges An asterisk indicates lhat while the petmn does not’

: 30 200,

C

4.0

TABLE 101
specify a numeric limitation, monuonng and reporting are required. . .
Rl — S~ — O NN e~ e~ L) «
e S g - g E o~ = B
URANIUM MINEWATER DISCHARGE z Wi & o~~~ E - Q- 3 —_————Egqg ol
(NPDES PERMIT NUMBER) : 2;&3@ 2% o o - ~8 @ T e m~_""18 il e
= b= Wik~ —E E ] 2 w o w— o o P g O O = ~ =
— QL + Q. [N K S o E E O O £ — [ ] A o
E QO w 2 Qo [»] + (V] ) —_— e O NN o R ~ =
mad=1R§a8 v ¢t o' " wecdaoW bdolx B2
a O - - O o ~ o M E X UV > 0 a a ——1 m
. Ambrosia Lake Mining District

Gull Mineral Resources/Mt. Taylor Daily Ave: - }.* 20 100 20 . 05 10 3 " oe . 6.0- No

(NM0028100) DailyMax. . §* * 30 200- 40 10 30 10 “os e 9.0

Homestake Mining Company! DallyAve . 20 100 20 05 10 . 3 ot 6.6-
(NM0020389) . foailymax. ‘|~ * 30 200 "a0 10 30 10 » &« « e g6 "'y INo
Kerr-McGee (Quivira))Ambrosia Lake! - 20 100 20 -05 A0 : 3 o 6. Ygg
(NM0020532) A * 30200 40 10 cf 30 10§t 4+ + s 4 490 Yes
Kerr-McGee (Quivira)/Lee Mine ! ' ~ * 20100 20 05 00 30 | * x ot r s e e 6.0- Y és
(NM0028207) ‘ *+ * 3020 40 10 300 100 * + o« % 90 &

; ‘ Church Rock Mining District
Kerr-McGee (Quivira)/Church Rock Daily Ave. f . 20 10020 05 0 __ 3 TR L (1% Yes
‘ (NM002524) DailyMax. {+ » 30 200 40 1.0 30 10 L A [ X Yes
United Nuclear Corp./NE Church Rock Mine | Daily Ave . 20100 40 10_ Y0 L L}
y 10 A 30 0 P P U




-9¢L-

TABLE 10.1 {Continued)

. < < o S KK Eﬂ =
o - D e e ~
: z £ o= E Q- o =~ EQ9g a S
URANIUM MINEWATER DISCHARGE S = 5SS - == S8 8 KT mmmee o il E
(NPDES PERMIT NUMBER) = EE = L5 8S 5 |2 2 ececm S g g =38
' 22 ¥ wa S KE Yo 0 T REYES T Y g;§
a 8. 28 3 & & S ESELEEYT |P ¥ =
United Nuclear Corp./Old Church Rock Mine . DailyAve."k; A 20 106 20 0S5 10 3 L 60- 1 * [No
(NM0028550) Daily Max. ; 30 200 £ 40 10 30 10 oo 9.0
l'_Olhe} Mining Areas. . K
Bokum Resources 20 100 . 2 05 . ] 10 3 R L
(NM002815) 30 200 4 10 30 10 o+ o+ a2 e g
Kerr-McGee (Quivira)/Marquez Mine’ ' Danly Ave g .20 100 ; 20 05 1 10 3 L L 6.0-
' (NM0028754) o DallyMax *.30200 - 40 10 30 10 |+ o« o+ e s = wgg |
Kerr-McGee (Quivira)/Rio Puerco Daily Av. 20 100 2 . 0. 3 LT R R (XN
' ' - R 1l B | = 8 -
NIM0028169) Daily Max. 30 200 4 . 30 10 | * » + x x & algg
Phillips Uranium Corp /Nose Rock Mine 1,2 [DailyAve/ {+: 20 100 20 05 0 3 LR (Y5
(NM0028274) - Daily Max. %3020 40 10 30 10 |+ o+ e s s s w e

' Permit is under ajudication.

- Per mit also includes monitoring and reportmg requtrements for daily average and daily maximum concentratlons of alkalmuty,
sulfate, total aluminum, fluoride, and phenols




... whether surface orsubsurface, public or private except private waters. that do not
b SnE combine with other surface of subsurface water.” . L

CG hat the federal NPDES permit program should Beth

pnmary fechanism r-controlling discharges of pollutants to'surface waters'in the

... state...Consequently, state Regulations for Discharges to Surface Waters, Part 2. of

. "the-Commission regulations (NM WQCC, 1984), include a mechanism to prevent

. .dual regulation of NPDES permittees. Discharge limitations contained in-these -

~regulations are not applicable-to an-NPDES permittee unless the permittee has

received written notification from the EPA of a violation and the violation has not
been corrected within thirty days of receipt of the notice.

The Regulations for Drscharges to Surface Waters, however, are not an effective
means of regulating uranium minewater dlscharges even after the applicability -
provisions of EPA notification and non-correction of violations have been satisfied.
The regulations need to be amended to include numeric discharge limitations for

~ additional parameters. Currently, the regulations specify discharge limitations onIy
for the following parameters ‘

S biochemical oxygen demand

- .- - .. chemical oxygendemand
S fecal coliform bacteria

d. settleable solids

e pH ’

: Of thns list, onIy two (chemxcal oxygen demand and pH) are among the seven

© .constituents of uranium minewater discharges with NPDES effluent limitation ‘
" - guidelines. The state regulations do not address any of the constituents forwhich
: monrtormg and reporting is bemg requrred through state NPDES certification.

In its state certification of NPDES permrts for uranium minewater drscharges the EID

. has'used the general standards, Section 1-102 of the state surface water qualnty
--standards (NM'WQCC, 1985),-to incorporate:conditionson momtorlng and " -

reporting.and, when appropriate, on-salinity into the permits.’ The:general™

standards appr to.all surface:watersof-theistate which' are: "sujtable for-recre

and supportof desirable.aquatic life presently common‘in New:Mexicd waters'

Among the contaminants addressed by the general standards are toxic substarices

and radloactrvrty (SEC‘thﬂS 1 102 F.and G.). The standard.for. toxrc substances
specrﬂes that:-

TOXlC substances shall not be present in recervrng waters in‘concentrations -
which will change the ecology of receiving waters to an extent detrimental to

man or other organisms of direct ormdlrectcommercral recreational, or
aesthetic value.

Under the standard, toxic concentrations are determined by appropriate bioassay
techniques or by other accepted means, which may include use of established water
quality criteria. Radnoactnvrty is to “be maintained at the lowest practical level and
in no case isto exceed” the numeric maximum permissible concentrations ofthe
New Mexico Radratron Protection Regulations (NM EID, 1980).

" " The applicability of the general standards to ephemeral watercourses has been
challenged The uranium mine operators contend the stream standards do not
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__A_L,,Sfaregulatrons tor egulate uranium minewater discharges, because the drscharged__
.. constituents may move into ground water downstream from the discharge pomt

des:rable

aquaticlife.

, state Ground Water Regulatlons Part 3-of;theWQC..

The regulations:expressly exempt constituents covered by an effective and

~...enforceable NPDES permit in order to avoid dual state and fedéral regulatronsﬂ 'The

_regulations may be applied, however, to those constituents of auranium
“minewater not covered by the NPDES for the discharge. The regulations may also
be applied to all constituents of a discharge where the NPDES permit is stayed .
‘because of a legal challenge and thus is neither effective nor enforceable. -
Nevertheless, the Ground Water Regulations are designed specifically to protect
ground water quality and the regulatory design places limitations on the
. effectiveness of these regulations for protecting surface water quality.

The state Ground Water Regulations establish numeric standards for the protection
of ground water quality for present and potential use as agricultural and domestic
water supply. The regulations require that a discharger demonstrate in a discharge

‘plan that the discharger will not cause these standards to be violated in ground

- “water at any place of present or foreseeable future use. Where- ground water.- e
-~ :quality already exceeds a numeric standard, the ambient concentration ofthe RN
.ﬁconstxtuent becomesithe standard. : . L S

. The des:gn of the Ground Water Regulatrons makes the standards ameasure of

ground water quality and not discharge limitations. If a discharge plan can _
demonstrate that physio-chemical conditions will result in'a constituent meetsng IT.S -

- :standard at any-place of present or foreseeable future use of ground.water, a-
-discharger may release effluents with concentrations of a constrtuent in excess of |ts

standard and still comply with the regulations.

The Ground Water Regulations. have been used to regulate minewater dischargesto. . ... i/ i...

) _surface watercourses.at the Phillips Uranium Corporation Nose Rock mine andthe = - - 8

r_r McGee Corporatron (Qurvrra Mmmg Company) Lee mine. be a’use the NP:DES

r_-_jdlscharge The dlscussron in Chapter 8 of existing degradatlo «

.mine déwatering effluents and of physico-chemical attenuation ‘mechanisms make
it evident that dewatering effluents of much poorer quality than the ground water.
standards would still not result in violations of the standards for most constituents
at any place of present or foreseeable future withdrawal. The exceptions are those
constituents, such as selenium, which are not reduced in concentration’ by
attenuation mechanisms.

With regard to the regulation of mine uranium waste piles, the regulatory provision
of greatest potential significance is Section 2-201 of the Regulations for Discharges
to Surface Waters. Thissection, titled 'Disposal of Refuse’, states:

No person shall dispose of any refuse into a watercourse or in a location and

manner where there is a reasonable probability that the refuse will be moved
Into a natural watercourse by leaching or otherwise.
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Under Section. 1-101.00.of the WQCC regulations,."refuse” includes "all
\ unwholesome material”. There'is precedent fordefining mine and mill tailings as
.’ refuse. EID has used this regulatory provision to require removal of spilled copper
. @ tailings and molybdénum-tailidgs fron ercourses:This.provisionshould also

i strom:waterco
cover pond‘treatmeiit sludges, which fiave highilevels'of radium-226.

The language of Section 2-207 cléarly negates any argument that the refuse must
have actually enteréd a watercourse before a violatiorn occurs. The EID may require
corrective-action'where thereiisa-définitive likelihdod-that refuse will enter the
watercourse at some future time and such action may be taken where the refuse is
mine wastes, as well as in the case of other “unwholesome materials”.

Leachate that results from the direct natural infiltration of precipitation through
uranium mine wastes may be subject to regulation by the Ground Water

Regulations if a hazard to public health exists. Results of leaching tests conducted
for this study, however, suggest that the leachate would not be hazardous to public
health and thus would be exempted from the discharge plan requirement. '

10.3. NEW MEXICC-RA—DlA_TIO_N PROTECTION ACT

The New Mexico Radiation Protection Act' was passed by the New Mexico
Legislature in 1971. The Act empowers the New Mexico Environmental o
" Improvement Board (EIB) ta dévelop régulations for governing the health and - ST e EE
environmental aspects of radiation. It authorizes regulation of all personswho™ =~ = =~
receive, possess, use, transfer, oracquire any source of radiation, except where” -~
regulated by another agency orwhere the source is specifically exempted-from
" .these regulations.- S o

The Radiation Protection Regulations promulgated by the Board (NM EID, 1380) = == 0 7~
- establish rules for the transportation storage, handling, and disposal of a variety of
radioactive materials. Amongthe materials licensed are the “wastes produced by
‘the extractionor concentration of uranium or thorium from-any ore processed =~ -~ |
- primarily foritsisotrce material content”- (Section1-102.G.). - Wastes produced by™ =
oomilling (i.e:, mill tailings) orbyion-exchange recovery:
v sectiothe regqulations

cilities'arethus covered by

Uranium'mining wastes (i-e.,rr poilspiles); onthé‘dther hand, are not covered - =~ "¢
by the Radiation'Protection:Regulations. In fact, Section 3-110:B. specifically AT
exempts “Unrefinedd@nd 'unprocessed ore” from regulation. Nonetheless, this

exemption is notrequired by the New Mexico Radiation Protection Act. The Act

merely provides that the Act “shall not apply to mining [or] extraction of radioactive

ores or uranium concentrates that are requlated by the United States Bureau of

Mines or any federal or state agency having authority unless the authority is ceded

by such agency to the board” (Section 74-3-10.c. NMSA 1978 [emphasis added]). To

date, no federal or state agency regulates mine wastes in New Mexico.

Consequently, the EiB is free to regulate mine wastes, should the EIB see fit to

amend its regulations accordingly.

10.4. NEW MEXICO ABANDONED MINE RECLAMATION ACT

The New Mexico Abandoned Mine Reclamation Act establishes a state program to
" promote the reclamation of mined areas pursuant to Title 4 of the federal Surface

Mining Control and Reclamation Act. To qualify, the mined areas must have been

[eft without adequate reclamation priorto the enactment of the federal statute.
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.. --A potentially significant statute for the regulation of solid wastes and sludges. . .-
~-...-generatédaturanium:mines,is the Resource Conservation and Recovery Act (RCRA

.+ The 1976 passage of RCRA by the U.S. Congress established a comprehensive . ™ -

.~ framework forthe management.of municipal solid:wastes and hazardous wastes: =

- For thisiassessment, the.most relevant feature of the Act is the Subtitle C program,-

o

Further, in their present, unreclaimed state, the mined areas must continue to
substantially degrade the quality of the environment, prevent ordamagethe = =
beneficial use 6fland or watér resources, or-endanger the health orsafety of the. . ..
public. Fundsreceived by New Mexico pursuantto Title 4 of the federal statute are
placed in the Abandoned Mine Reclamation Fund, a special purpose fund created by .
the Abandoned Mine Reclamation Act. L : .

While both state and federal acts have the primary purpose of providing for
- reclamation of coal mines, both acts do authorize reclamation expenditures for
mines other than coal mines under certain conditions. Mirroring provisions of the
federal statute, the New Mexico Abandoned Mine Reclamation Act states that
“voids and open and abandoned tunnels, shafts and entryways resulting from any
previous mining operation constitute a hazard to the public health or safety and...
surface impacts of any underground or surface mining operations may degrade the.
environment” (Section 69-25B-6.B NMSA 1978 [emphasis added]). Upon prior
approval by the Governor and the United States Secretary of the Interior, the
director of the Mining and Minerals Division of the New Mexico Energy-and -
‘Minerals Depatftmentis authorized to use the Abandoned Mine Reclamation Fund
to correct structural and physical hazards and to reclaim surface impacts that could .
endanger life and property, constitute a hazard to public health and safety, or
. degrade the environment. Thus, the Abandoned Mine Reclamation Actallows - o .
expenditures of the Abandoned Mine Reclamation Fund for non-coal-mining. ...
reclamation, including uranium mine reclamation. Itshould be noted thatthe. . .
federal statute only allows the Secretary of the Interior to approve non-coal-mining. .-
reclamation where a request is made by the governor of a state and all coal-related -
reclamation has been completed in the state except when the requested non-coal-
__mining reclamation is.-related.to the protection.of public health and safety. - / :

10.5. RESOURCE CONSERVATION AND RECOVERY ACT

which governs hazardous waste management. The most significant aspectof . - .-
Subtitle Cis.an'elaborate:hazardous waste management program which guides the - -
treatment, storage, and.disposal of hazardous.waste from “cradle to grave”. This
program has been delegated to the EID by the EPA and is governed by the New
Mexico Hazardous Waste Management Regulations (NM EIB, 1984), which are
equivalent to the RCRA regulations promulgated by the EPA. Under the
memorandum of understanding between the EPA and the EID, the state regulations

must be revised to conform when federal RCRA regulations are revised by the EPA.

In 1981 the U.S. Congress amended RCRA so as to suspend RCRA regulation of mine
wastes (including uranium mine wastes) pending completion. of a study by the EPA
to determine whether mine wastes should be dealt with as other "hazardous
wastes” are under RCRA. That EPA study (U.S. EPA, 1985) was recently submitted to
Congress with preliminary recommendations on RCRA regulation of mining wastes. .
A recommendation whether to regulate uranium mine wastes has not been reached | .
by EPA. The Agency is concerned that radioactive wastes may pose a threatto .
. human health and the environment, but it does not have enough information to
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-conclude that they do. EPA will continue.to.gather. |nforme,,(ti,on,t_o,,deter,rn-j,r;:e
whether these wastes should be regulated by RCRA. ~ S BT

the.event that the EPA concludes that mineWastessh Vi
~"%hazardous waste management regulations, some pre- 19871°EPA'a trons sugge
- wwhat may be expected from the EPA in regard to.uranium. mine-waste regulatlon

.+-'In.1978 the EPA proposed that uranium mine wastes containing radium-226 . -
. %%, concentrations greater than 5 pCi/g be listed as "hazardous wastes” under RCRA At.. :
- =r::the same time the EPA also proposed special-waste-standards for-the treatment;- ... -

storage, and disposal of overburden and waste rock (see 43 Fed. Reg. 58946- 59028
Dec. 18, 1978).

10.6. COMPREHENSIVE ENVIRONMENTAL RESPONSE, COMPENSATION AND
LIABILITY ACT

The Comprehensive Environmental Response, Compensation and Liability Act
- (CERCLA), signed into law in 1980, allows the federal government to respond to
" threats from uncontrolled abandoned or inactive hazardous waste sites. More
_specifically, CERCLA is designed for the cleanup.of existing or potential P
contamination problems resulting from improper waste disposal practices whuch
.. may present an imminent and substantial danger to pUb|IC healthortothe = v
. envrronment N

The remedlal measures carrled out by the federal government under CERCLA are

= fmanced by the Hazardous Substance Response Trust Fund; commonly referredto as - R

"Superfund”. Most of the Trust Fund (86.2 percent) is provrded by industry th rough
‘.' taxes, with the remaining portion appropriated from general revenues.

The guiding policy for the use of the Trust Fund is provided by CERCLA itself. In~ ~
cases where the responsibility for wastes causing contamination can be traced to - -
private parties with financial resources, CERCLA requires that the financial
responsibility for cleanup be placed on those companies. This requirement helps

: [; . - assure that the Superfund will be available to. clean up as many sites as possuble

w_here no solvent responsrble par‘cy can be found

Before a srte is consrdered for Superfund actlon ‘dachsite must be quantltatrvez R
. evaluated for relative ranking on the Nationak Priorities.List. Factors considered-inti -
the evaluation are the following: the population at risk;the hazard potential of
: “hazardous substances at the facility, the potential foricontamination of drmknng- -
~~"Wwater supplies, the potential for direct human contact, snd the potential for™ -~ -
destruction of sensitive ecosystems. The-CERCLA list of hazardous constituents
includes a general radiation standard which may apply to uranium mine waste. The
relative rankings of many sites in the Grants Mineral Belt, however, may be low due
to sparse populations in the vicinity of uranium mining areas.
CERCLA additionally provides the EPA with authority to take enforcement actions
against owners of sites not on the National Priorities List in order to compel the
owners to clean up the sites. Moreover, CERCLA authorizes suits by a state against a
site owner to recover response costs and damagesto natural resources whether or
not a site is on the National Priorities Lists.
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Xl RECOMMENDED ACTIONS

" The analysis of water quality impacts of uranium mining presented in this report
reveals three major water quality concerns that require administrative, reqgulatory,
or court action. Comparison of the results of the regional assessment with
established criteria and standards indicates that discharge of mine dewatering
effluents into surface watercourses and runoff from uranium mine waste piles are
major water quality concerns. In addition, the sludges generated by treatment of -

. minewaters have high levels of radium-226 and other radionuclides; the potential = -
for these to be introduced into-watercourses is a major concern. The relationship of

.. these water quality concerns to-the various administrative, regulatory, and judicial -
‘mechanisms discussed previously is depicted in Figure 11.1. Specific

- - recommendations are discussed:-below.

41+511.1, - CONTROL OF MINE DEWATERING EFFLUENTS
- 111 Background

Comparison with established use criteria and standards indicates that the quality of
" uranium mine dewatering effluents is not consistent with the existing use of these

o «=- discharged minewaters for livestock wateting and irrigation, or fortheir potential ™ =~ = "

use for domestic water supply. This conclusion applies to both Ambrosia Lake and *
- Church Rock Mining Districts, despite significant differences in water quality
between the two districts. The constituents that most often affect the suitability of

..+ the effluents are selenium, molybdenum, radium-226; sulfate, and-total dissolved: =i ==& *

~solids.. Concentrations.of arsenic; barium, and.vanadium may also-exceed
a.n‘_dj.sta’n_d_,a_r.d,s;;(\see,sectlo‘ni 9.6) R T A L SOOI A

4

intorsurface-watercourses: the-NPDES permit program, the New Mexico Regulatians

. The WQCC has determined that the NPDES permit program should be the primary™
avenue for controlling discharges of pollutants to surface watercourses. '

Of the eight constituents listed above as affecting the suitability of dewatering
effluents for livestock watering, irrigation, and domestic water supply, only radium-
226 is among the constituents of uranium minewater discharges with established
NPDES effluent guidelines. While radium-226 is represented twice (both as total
and as dissolved) among the seven constituents having NPDES effluent guidelines,
the numeric effluent guidelines for radium-226 reflect radium-removal technoleogy
and may therefore not be sufficiently stringent for resultant in-stream flows to
‘ meet criteria and standards applicable to water uses in the Grants Mineral Belt. As

" was mentioned previously in the requlatory overview, numeric effluent guidelines

may be made more stringent and the parameter coverage broadened for uranium
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The overview of regulatory mechanisms indicates that there are-three mechanisms &5 =7
currently available for regulation of the discharge of mine dewatering effluents "7 -/ = = 1~

“for-Discharges to Sutface' Watérs, and the New Mexico Ground Water Regulations. *="- ="
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"FIGURE 11.1. Legal and Regulatory Mechanisms for Controlling Major Water Quality Contaminants.
Solid line indicates a currently applicable mechanism; dashed line indicates a
potentially applicable mechanism.
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minewater discharges in New I\/Iexrco as the result of case- specn‘uc analysns by the
EPA or state certification by the ElD B CEELL L

: " Srgnn‘tcant drawbacks currently.exist; however to- the reliange-on the NPDES permit

. - program toregulate dewatermg effliients: First, slightlyimore than one-fourth of
the NPDES permits for uranium minewater dnscharges are.under adjudication and
hence, under EPA regulations, are.not enforced. As hoted earlier, one permit has
been under adjudication for 13 years. Secondly, permits for new dlscharges are
subject to the same legal challenge.

The New Mexico Regulations for Discharge to Surface-Waters do not serve as an
effective state alternative to the NPDES permit program for requlation of uranium
minewater discharges for several reasons. First, a discharger with an NPDES permit

is not subject to the state regulations until.30 days after the discharger has received
notification of noncompliance from the EPA, provided that the discharge still

remains noncompliant with permit conditions after the 30- day period. Of the 11

NPDES permits for uranium mine dlscharges however, only seven are enforceable
under EPA regulations. The remaining four are stayed pending resolution of
adjudication. Further, the state.regulations do not include discharge limitations for
any trace element or radionuclide. In fact, of the seven constituents of minewater
discharges for which the EPA has estabhshed numeric effluenit guidelines, only two
(chemical oxygen demand and.pH) have discharge limitations in the state :
regulations. These discharge.limitations.are generally similar to, but notthesame -
as, numeric effluent limitationfor NPDES permits for uranium mine discharges (e.g., = -
the state COD. limitations of less than 125 mg/l compares to an NPDES daily average
of 100 mg/l; and.the state pH rangeisbetween:6.6 arid 8.6, while-the NPDES has pr‘*
‘ranges of 6.6 t0 8.6 and 6. 0t0 9.0, dependmg upon the. specrflc permit).

.. . The New Mexico Ground. Water Regulations are designed-to-protect ground water
quality for present and potential use as agricultural and domestic water supply. As
was discussed earlier in this chapter, these regulations are not-designed to protect:
surface water quality and therefore are not an effectlve means of regulatmg

'surface water qualrty ; L . :

“ The envrronmental consequen ' l_ack of effectrve e
 regulation mine: déwatering effl - : s as'they potentially could- R
be. Some compames whrle contestmg therr permsts have treated their mmewaterg

since 1980 the Uranium: mdustry»‘-' -,UNew Mexrco has experlenced a major decline
thatis expected to continue foran:indefinite period.: The resultis that of the 11
uranium mines with NPDES permits, seven have ceased discharging. Of the
remaining four, two still have permits under adjudication. Nevertheless, the
information presented in Chapters |V and Vl clearly documents the impairment of
water resources that occurred prior to 1980 and could resume if the industry revives
while water pollution controls remain ineffective.

11.1.2. Recommendations

1. The EID should coordinate with the EPA so that new or renewal NPDES permits
for uranium mine dewatering effluents in New Mexico include numeric effluent
limitations for radium-226 and other parameters reiated to downstream uses of
these waters. Factors to be considered in the development of these effluent

" limitations are present water uses, likelihood of future uses, and technology
available for water treatment. Ata minimum, the quality of the effluentshould
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http://discharge.1imita-tions.are

meet the requarements Speleled in the “Hazardéds Substances” and

“Radioactivity” (1-102.G.) portions of Water Quality Standards for Interstate and

Intrastate streamsin New Meéxico. (WQCE,-1985):Such effluent limitations may -
be includedin permnts through state certn‘lcatlon by the EID or case-specific
analysis by the EPA.- : : N

" 2. The New Mexico Regulatlons for stcharges to Surface Waters should be
substantially amended to serve as an effective - means of regulating uranium
mine dewatering effluents and other discharges to surface watercourses.
Amendments should include comprehensive numeric discharge limits not only
for those chemical constituents requlated by NPDES, but for other constituents
necessary to protect water quality for agricultural or domestic use.

11.2. CONTROL OF RUNOFF FROM MINE WASTE PILES

11.2.1 Backaground

The extensive survey by Anderson (1980) provides a basxs for estimating that 10 to
20 percent of alt abandoned uranium mines and a few large active mines have
waste piles that are eroding directly into surface drainage channels. Data
developed for this report indicate that sediment carried by runoff from waste piles
into surface watercourses has high levels of trace elements and radioactivity
~ associated with it. Contaminated sediments are particularly evident in arroyos. and
-drainage channels in close proximity to spoils piles. These sediments undergo-:
recurring cycles of deposition on stream bottoms, resuspension, and transport
further downstream. Eventually sediments from mine waste piles become so mixed.
and diluted with other sediments that they cannot be chemically differentiated on
the basis of trace element and radioactivity levels. Nevertheless, these sediments do
increase the total load of trace elements and radioactivity in affected drainages. -

" Moreover, turbid stream flows may be ingested by livestock. Levels of arsenic,
~cadmium, lead, selenium, vanadium, gross alpha particle activity; and radium- 226

o assocrated wrth mine waste pule runoff are not consastent with Irvestock watenng

Techmcal means for deahng with- uranium mine waste. prles either by surface’ -
stabilization or by mine stope backfilling, are well known (e.g., EPA, 1973b;

Mary|and Department of Natural Resources.1983;: New Mexico Coal Surface Munmg .

Commission 1980; and'Longmire 1985. Engmeermg optionsincliude backfill of
abandoned mine workmgs with waste rock and low-grade ore; contouring waste -
piles to aslightly convex configuration; construction of berms upslope and
downslope of the wastes to minimize runoff; and use of large boulders and waste
rock to armor the contoured waste pile. Some Indian tribes and federal agencies
(e.g., USDA Forest Service) do require contouring and stabilization of mine waste
pnles and disturbed mine sites, but those actions have affected only a few sites.

The economicimpact of stabilization or removal of mine wastes is believed to be
minor when prorated over the life of a mine. Relative to other uranium industry
operations, the volume of potentially hazardous waste generated by uranium mines
in New Mexico is quite low.

Legal mechanisms currently available for control of waste pile runoff include state
regulations, the Abandoned Mine Reclamation Fund, and provisions of CERCLA.
The provisionin the WQCC regulatlons on disposal of refuse already has precedent
for use.as a-means of requiring mine La.m.gs srabsh ation. The New Mexico Ground
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- Water Regulations can be used to regulate leachates from mine waste piles that -

affect ground water quality, should a hazard to public healthexist. However; the

- results of leachmg tests conducted for this study suggest such condutrons are thrs is

The Abandoned Mine Reclamatron Fund, while: prrmarlly mtended for coal e
reclamation, can be used for non-coal-mining reclamation under special -
circumstances. Use of the fund for reclamation of uranium mine waste piles
~ requires concurrence between the New Mexico Energy and Minerals Department,

the Governor, and the U.S. Secretary of the Interior. In addition, use of the Fundis
subject to federal statutory provisions that all coal-mining reclamation needs in the™
state have been addressed or, alternatively, that there are over-riding public health -
or safety considerations that jUStlfy dealing with non-coal- mlnmg reclamation '
before coal-mining reclamation needs are met.

Superfund cleanup under CERCLA may potentially be useful for control of runoff-

from abandoned or inactive waste piles, but its availability will depend upon site- =

specific rankings of piles on the National Priorities List. Two other provisions of -

CERCLA, however, have definite potential for control of mine waste runoff. These

are the authorlty given to the EPA to compel owners to clean up sites not on the -

~National Priorities List, and the authorlzatnon of state surts to recover response costs
and damages to natural resources.

In addltron the New Mexico Radiation Protectron Regulatlons and RCRA are
potential regulatory mechanisms for control of mine waste runoff. The former
requires a decision by the EIB to amend these state regulations to extend their

applicability to mine wastes. The latter requires acompletion of a study by the EPA
on uranium mine wastes. .

11.2.2 Recommendatlons

1. The removal or stabilization of the largest uranium mine waste piles eroding
directly into surface drainages should be pursued. Priority sites should include
the Old San Mateo Mine near San Mateo Creek and the Jackpile-Paguate mine’

. .areas along the Rio Paguate. Technical.criteria for. stabrl,lzatron or removal
should be based on individual site condltlons ! X

T ‘a.' The EID should require removal or stablllzatlon actions based upon the.
.~ provision of the WQCC regulations on Drsposal of Refusé. Should the o
© provision not be useful, the EID should then'pursuereclamation through o
other available means. Such meansinclude Superfund cleanup, EPA
enforcement actions under CERCLA, and state-funded cleanup accompanied
by state suits to recover cleanup costs and environmental damages.

b. Where removal or stabilization cannot be accomplished through regulatory
actions, the EID should consult with the Governor and the New Mexico

Energy ‘and Minerals Departmenton use of the Abandoned Mine
Reclamation Fund for cleanup.

2. The EID should not take immediate action to regulate future uramum mine
waste piles directly asitis anticipated that the EPA will presen
recommendation to the U.S. Congress in 1986 on whether to cUntrol uranium
mine wastes under RCRA. Shoulid mine wastes be requlated under RCRA, 1t s
uni xely that additionai state reguiaions would be required.
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"37'Should uranium mine waste piles be excluded from RCRA regul-atzt'ion the'EID-

should recommend that the EIB amend the. New Mexico. Radlatnon Protectlon
ggulations to extend thenr appllcabllrty to mme wastes . .4

1. 3 CONTROL OF MINEWATERTREATMENT POND SLUDGES s

1131 Background S S

Minewater treatment pond sludges resulting from the settling, coagulation, and
treatment of raw minewaters have high levels of radium-226 and other .
radionuclides. In fact, radium-226 concentrations probably average more than -~
200.pCi/gram. Therefore the potential introduction of these sludges into surface
watercourses through erosion is @ matter of concern.

Management of sludges is widely performed, but not umversal In particular, mine
operationsthat conduct ion-exchange removal of uranium from minewaters are- .
usually required by New Mexico Radiation Protection Regulations to dispose of.
associated minewater treatment pond sludges properly. However, sludges resultmg
. from coagulation and settling of radium-226 from raw mmewaters remain o

unregulated - , . o

Other legal mechanisms available for control of mmewater,treatment sludgesare’ -
the provisions of the WQCC regulations on Disposal of Refuse.and the provisions.of::
CERCLA related to Superfund cleanup, EPA enforcement actions, and state suits'for:
recovery of costs. In addition, as a result of the EPA.uranium mine waste study,

RCRA may regulate these sludges. RCRA is potentially the most effective regulatory

- mechanism for sludges generated in the future.- Nonetheless, the state provision.on. -.

Disposal of Refuse and CERCLA provisions on EPA enforcement actions and state .
suits appear to provide adequate means to deal with any cleanup or stabilization
problems that may occur in the near future, but only on a case-specific ad hoc basis.
Superfund cleanup should not be needed unless adequate provisions are not taken

. now to ensure proper stablllzatlon or dlsposal of sludges e ‘ T

) ‘711 3. 2 Recommendatlon

el AR o

The EID should rely on the same regulatory framework for minewater treatment
- pond-sitdges as for mine wastes. Therefore; EID"should Waittoseesif RCRA will:=

apply to uranium mine wastes, including these sludges, as RCRA regulation will - - e

probably obviate the need for additional state regulation. If such wastes are found
to be exempt from RCRA regulation, the EID should recommend that the '
Environmental Improvement Board amend the New Mexico Radiation Protection
Regulations to control these sludges fully and effectively:
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Mayerson, Dawd NMENV

LucasKamat, Susan, EMNRD

- Wednesday, August 08, 2007 09 35
“Mayerson, David, NMENV '
RE: Abandoned Uranium Mine Survey Draft SOW 07- 25 07 (1) doc

David: :

The attached metadata document provides information on all the data sources and a descnptlon of all the column
headings. (The column headings are the longer versions in the original spreadsheet | sent you - |mport|ng into ArcGIS
truncated the column headings. )

- ACE_EPA_NA truncated ACE__EPA_NAMLP_Survey

indicates if the mine was included in the Navajo Nation AUM assessment (Terra Graphics documents)
does not imply a site was addresses, only that it was included in the inventory
includes non-Navajo lands in the checkerboard (Eastern region)

EAUM_No MinelD No from Navajo AUM Inventory - Eastern Region

NAUM_No MinelD form Navajo AUM Inventory - Northern Region

Producti_1 truncated Production_ore_ST

o ore production credited to mine

Producti_2 - truncated Production_U308_lbs

yellowcake production credited to mine

- Other_Agen  -Other agency numbers (i.e. CERCLIS No, NMED DP, USFS claim No, etc)

In-the Excel spreadsheet |'ve broken these out into a separate column, but the shapefrle doesnt have

- them broken out yet. -

e MMD estrmated productron rank. We sorted first by production category (ab,cd e) and then by production; U308 within: -
- gach productlon catégory ‘Mines with no production numbers-were‘then ranked by Iooklng -at disturbance-area--:assuming

Prod_rank Productron rank

The production rank is a bit tricky due to the history of uranium production. The AEC (Atomic Energy Commission)
purchased all uranium ore and yeliowcake before 1968. Between 1968 and 1970 both the AEC and private industry
rchased yellowcake. Post-1970 all uranium production went to private industry. Therefore, production figures only reflect
oduction reported to the AEC; the AEC receipts are public information. Almost all production post-1970 is confidential.
Chenoweth & McLemore devised the production category figure to account for post 1970 production. (Theoretically,
production would have been submitted to the State Mine Inspector (SMI) in their annual reports. Unfortunately, when the -
SMI spiit form MMD back in the mid-80s, they retained ownership of the SMI annual reports and they have been
destroyed. Those reports have been destroyed. So the only post- -1970 production numbers are in the Mine Regrstratlon

Program annual reports starting in 1989. SO essentially 10 years of productron numbers are missing.)

greater disturbanice=greater production. Mines'whose productlon was credited to other mlnes (i.e. Anaconda's; Laguna
mines, the Dog -Flea Mines, Section 25, etc) were moved up in the rankings.

. I haven t done anythrng further W|th documentlng sources. The methods sectlon of the' metadata document grves the best

information on data sources. For example, all radiation/hazards data comes from the Anderson report, BLM inventory, -
AML project files of MARP files. Reclamation data comes form those same sources. Ownership data is form BLM GiS
coverages, augmented by AML realty and MARP realty files. Did you have particular column you need definitive sources
for? Or particular mines?

Hope this answers your questions!

Susan A. Lucas Kamat

Geologist

New Mexico Mining and Minerals Division
1220 South St. Francis Drive

Santa Fe, New Mexico 87505

Phone: 505-476-3408

Fax: 505-476-3402



" 2007-07-20_
{ata-NMED.d

From.:_‘. . .. Mayerson, David, NMENV

Sent: . Wednesday, August 08, 2007 8:15 AM
To: LucasKamat, Susan, EMNRD .
. Subject: ~  RE: Abandoned Uranium Mine Survey Draft SOW-07-25-07 (1).doc

Hi Susan: Could you tell me what the following fields mean in your mines database?

ACE_EPA_NA (Am | correct to presume this indicates whether the site was addressed under NAUM?)
EAUM_NO v

PRODUCTI_1

PRODUCTI_2

MARP_STATU

OTHER_AGEN (Specifically, what does an entry here signify?)

PROD_RANK (I presume this means "production rank;" however the ranking doesn't appear to correspond to-
PRODUCTI_1 and PRODUCTI_2, so maybe I'm wrong here)

Also, you had indicated that you might work on documenting where various information comes from in your database; |
was wondenng if that was going forward. Thanks. . .

.David L. Mayerson
New Mexico Environment Department
Ground Water Quality Bureau
Superfund Oversight Section
1190 St. Francis Drive #N2312

. Santa Fe, NM 87502

(505) 476- 3777 (telephone)

(505) 827-2965 (fax)

david.mayerson @state.nm.us

Normal hours: M-Th 0700-1730 :

£




June 19, 2007

NEW MEXICO ABANDONED AND INACTIVE URANIUM MINES

Mining and Minerals Division

New Mexico Energy, Minerals & Natural Resources Department



Cautlonary/Dlscialmers

2.

:‘Draft version. Data is stlll being collected verified and added

Production numbers are from MINES database (McLemore 2007) and only reflect

" production before 1970. (Production pre-1970 was reported to AEC and is public

information. Production after 1970 is confidential and/or unknown.) The production
categories (a, b, ¢, d, e, f, no) correspond to ranges of production from MclLemore 2007.

Production rank is estimated.

Realty/ownership has not been verified in deeds, claims and records at county
courthouses and/or BLM.

Locations have not been field verified with GPS coordinates.

Legal descriptions represent mined areas. They do not reflect total areas of disturbance.
Disturbed or affected areas may lie outside of the mined area boundaries. Areas mined
underground may not have any surface disturbances.

Reclamation approval from one agency does not mean that all hazards have been
abated. (Example — There may be remaining waste piles at sites that NM MMD-AML
reclaimed that require further action under MMD-MARP or NMED.)

The EPA/ACE/Navajo inventory represents mines were included in the Navajo Nation
inventory reports (Eastern & Northern). These sites were identified as mines that could

- potentially affect/impact the Navajo Nation. That inventory included, in addition to Navajo

tribal lands, private, state and federal lands in the checkerboard.

Current regulating agency is the agency or agencies that currently have a mine property
under their regulatory umbrella. Potential jurisdictional agency is an agency that might

n have jurlsdnctlon over a mine property based on production dates or ownershlp

10. NMED could be a potentlal junsdlctlonal agency for all mines.

11. Question marks in any column represent uncertainty or further research required.

(@




Def;nmon of columns, for MINES spreadsheets

xTTFameooTy.

~ ©» oDV O33T

<e

ae.

af.

ag.
ah.

ai.

'Mme ID

County
Mining District
Mine_name
Aliases
Township
Range
Section
Quarter Section
UTM_easting
UTM_northing
UTM_zone

. Location_assurance
Point_of_location_reference

Surface_land_status
Minerals_land_status
Surface_ownership
Mineral_ownership
ACE_EPA_NAMLP_Survey

EAUM_No
NAUM_No
Commodities_produced

{4_";'. L

NMBGMR Mlne ID ~
County primary shaft or disturbance mine is located in
Uranium mining district based on NMBGMR mining districts
Popular name of mine -

Alternate mine names

Township(s)

Range(s)

Section(s)

Quarter Section(s)

UTM coordinate, easting

UTM coordinate, northing -

UTM zone

" Location source, from McLemore 2007

How point was acquired, from McLemore 2007

Yes, if mine was included in Navajo Nation AUM Assessment
(Note: assessment included non-Indian lands in the
checkerboard)

No, if mine was not included in Navajo Na’uon AUM Assessment
Mine ID Navajo Nation Eastern Region AUM

Mine ID Navajo Nation Northern Region AUM

Commaodities mined/produced

Commodities_present_not_produced (on Mines no prod spreadsheet)

Mining_methods
Development
Depth_of_workings
Length_of_workings ‘
Year_of_initial_production
Year_of_last_production

. Miriing_h.istory.

.. Production_category |

Production_ore_ST
Production_U308_lbs
Comments_on_production

Disturbed_area_acres
Disturbed_acres_source

surface,-underground and/or in situ leach
Mine development -
Depth of workings

Length of workings

Year of first uranium production .

Year of final uranium production

Note: Mining was not necessarily continuous between initial and
last years. See Mining_history for specific- details. .

-Years of operation and-operating company. In some cases,

mines were inactive/idie/on standby and not producmg uranium

, NMBGMR production categories

-.> 20 million Ibs U308

2 --20 million Ibs U308

200,000 — 2 million Ibs U308

20,000 - 200,000 Ibs U308

< 20,000 Ibs U308

included with another mine

production unknown

no no production

ore production in short tons (pre-1970, unless noted in
Comments_on_production)

yellowcake production in pounds (pre-1970, unless noted in
Comments_on_production)

Comments about production, i.e. estimated, included in other
mine, etc.

Extent of disturbance in acres.

Data source for acreage. Methods for determining acreage may
not be the same across agencies.

C O TOOQO



aj.
ak.
al.

am.

an.
ao.

ap.

aq.
ar.

as.
at.

au.
av.

aw.

ax.
ay.
az.
ba.
bb.
bc.
bd.
be.

USGS Quad
Land_use
Radiation_hazards

Potential_hazardous_materials

Hydrology
Receiving_stream
Reclamation_details

Rec_prim_co
Current_reg_agency

Potential_reg_agency
MARP_status

MARP_Permit_No
NMED_DP
US_EPA_CERCLIS_No
AML_Anderson_Report
BLM_claim_no
BLM_Inventory
USFS_No
MRDS_number
NRC_No

MSHA No

Comments

bf. References

bg.

Prod rank

-j.» 1post—mimng Jand'use-:

any known radlologlcal measurements at the site

any known physical hazards-like. shafts headframes, vents,
foundations, debris/trash -~

if mine was wet or dry, pumping rate provided if known

reclamation details, including dates, actions/abatement
completed

company that performed reclamatlon activities
regulating agency that oversaw reclamation, is actively
overseeing reclamation, or has permitted the mine/facility
agency that could potentially regulate site

MMD Mining Act Reclamation Program determination
Permitted, Released or exempt

Not exempt - mine that may fall under the program

No release - mine that has not met Prior Reclamation
RE = regular existing, PR = prior reclamation

NMED discharge permit

EPA CERCLIS No. (from NMED list & EPA website)
MMD-AML record number of Anderson Report

BLM mineral claim numbers

date of BLM field visit/report in BLM AUM inventory
USFS mineral ID number

USGS MRDS number

NRC license & docket numbers

MSHA registration number

record of mines from McLemore 2007 database combined
published references form Mcl.emore 2007

MMD estimated production rank, based on sorting by production

within production category. Mines whose production was
credited to other mines were moved up in rankings (for example,
Anaconda’s Jackpile mines, the Dog-Flea mines).

T
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Methods

1.

10.
11.

12.

13.

MMD started W|th the most recent (McLemore 2007) version of the BGMR pubhcatlon
Database of the uranium mines, prospects, occurrences, and mills in New Mexico, called
“MINES” database. The MINES database was created for resource analysis on a section
and quarter section basis. MMD analyzed the database records and combined records to
creaté one mine per shaft/pit complex.

Mmmg hlstory (years and company) from McLemore, Chenoweth and Anderson sources
was added.

Disturbance area, reclamation, radiological information and hazard information from the
MMD-AML Anderson report was added.

Disturbance area, reclamation, mining history, mining production dates and ownership/realty
information from AML project files was added.

Disturbance area, reclamation, mining history, mining production dates and
ownership/realty information from MARP prior reclamation and permit files was added.

Reclamation, ownership and mining history from the MRRS program files was added.

Reclamatien-‘status, Navajo land status and disturbance area was added from the EPA/ACE
abandoned uranium mine assessments for the Northern and Eastern Navajo Nation.

Disturbance area, reclamation, rad|olog|cal information, mining hlstory and hazard
information from the BLM uranium inventory was added.

Operator information form the MSHA Data Retrieval System was added.
Mining history information from the SMI abandoned uranium mine card file was added.

Ownership data from BLM surface and mineral management GIS coverages. was added.

Mines were sorted by production (largest to smallest) with the assumption that the largest

producers of uranium have the potential for the largest disturbance.

Data from NMED was added. CERCLIS numbers from NMED Ground Water Quality Bureau-
— Superfund Oversight “Uranium Mine & Mill CERCLIS Summaries” and EPA website.
NMED discharge permit numbers added.



’_ vSources

- and mllls_m Ngvv_ Me_xnco New Mexnco Bureau of Geology and Mineral Resources.

TerraSpectra Geometrics, 20086, 'Abandoned Uranium mines (AUM) and the Navajo Nation: .
Eastern AUM Region Screening Assessment Report. :

TerraSpectra Geometrics, 2006, Abandoned Uranium mines (AUM) and the Navajo Nation:
Northern AUM Region Screening Assessment Report.

McLemore, V. T., Donahue, K., Krueger, C. B., Rowe, A, Ulbricht, L., Jackson, M. J., Breese,
M. R,, Jones, G., and Wilks, M., 2002, Database of the uranium mines, prospects, occurrences,
and mms in New Mexico: New Mexwo Bureau of Geology and Mineral Resources, Open file
Report 461.

V. T. McLemore and W. L. Chenoweth, 1992, Uranium mines and deposits in the Grants district,
Cibola and McKinley Counties, New Mexico, New Mexico Bureau of Geology and Mineral
Resources, Open-File Report 353.

McLemore, V. T;, and Chenoweth, W. C., 1989, Uranium resources in New Mexico: New
Mexico Bureau of Mines and Mineral Resources, Resource Map 18.

Schuster, Frederick P., .1 985, Pilot project field report: Hazardous waste inventory abandoned
uranium mines, McKinley County, New Mexico, Bureau of Land Management, New Mexico

Office. == - : ('

McLemore, V. T. 1983, Uranium and thorium occurrences in New Mexico: distribution, geology,
production, and resources, New Mexico Bureau of Mines and Mineral Resources, Open-File
Report 183.

Anderson, O.J., 1981, Abandoned or inactive uranium mines in New Mexico, New Mexico emto
Bureau of Mines and Mineral Resources, Open-File Report 148.

Inactive Uranium Mines Card File, New Mexico State Mine Inspector. .

Registrations, Annual Reports and Suspension Notices, Mine Registration, Reporting and
Safeguarding Program (MRRS), New Mexico Mining and Minerals Division.

Hyde/Wingate Project, Wingate Hogback Project, Grants Uranium Project Phases | to lll, San
Mateo Mine Project files, Abandoned Mine Land Program (AML), New Mexico Mining and
Minerals Division.

Prior Reclamation and Permit files, Mining Act Reclamation Program (MARP), New Mexico
Mining and Minerals Division.

Data Retrieval System, Mine Safety and Health Administration,
http://www.msha.gov/drs/drshome.htm.

Bureau of Land Management Surface and Mineral Administration GIS Coverages



http://www.msha.gov/drs/drshome.htm

Envirofacts — CERCLIS Querry Form, Envionmental Protection Agency,
http://www.epa.gov/enviro/htmli/cerclis/cerclis_guery.html

-New México Environment Department',hé‘rbﬁhd Water Quality Bureau, Superfund Oversight
~Section,-Uranium Mine and Mill CERCLIS Summaries o


http://www.epa.a6v/ehviro/html/cerclis/cerclis
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USGS ,QUADR[HYDROLOGY.
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e 1| N0 EPA_NRC [No License No. SUA-1473, Dockel No, 40-890_| 290077
RCA Title | |US DOE US DOE No SUA-1473, [ _290077:
RCA Title]|US DOE __iUS DOE No . .. 2901 riginally 11 acres, wind & water spread contamination ta

{TRCA Title Il No US EPA SuperfiNo




NRC FORM 374A

U.S. NUCLEAR REGULATORY COMMISSION
‘ . Page 5 of 10 Pages

License Number
e o |SUAS4TY e
MATERIALS LICENSE Docket or Reference Number
SUPPLEMENTARY SHEET : 40-8903

Amendment No. 40

B. The following ground water protection standards are established for each deéi,gnated aquifer/zone

as described in Ground-Water Hydrology for Support of Background Concentration at the Grants
Reclamation Site (Hydro-Engineering, December 2001) and Background Water Quality Evaluation
of the Chinle Aquifers (Homestake Mining Company and Hydro-Engineering, October 2003):

Constituents Alluvial Chlnle Upper Chmle Middle Chinle ; Lower Chinle
Aquifer Non-Mixing Zone | Non-Mixing

. . Zone

Selenium (mg/L) 0.07 __ 1032

Uranium (mg/L ) 1 : 0.03

Molybdenum (mg/L) 0.1

Sulfate (mg/L) _ . 2000

L Chioride (mg/L ) ; 634

DS (ma/l) o 4140

Nitrate (mg/l ) &

Vanadium (mg/L): #

Thorium-230 (pCi/

Ra-226 + Ra-228 ',

protection standards listed above for these zones. The licensee shall propose compliance
monitoring wells for the Chinle Mixing Zone and the Upper, Middle and Lower Chinle Non-Mixing
Zones in a revised Corrective Action Plan to be submitted to the NRC no later than December 31,
2006. NRC will evaluate the proposed compliance monitoring wells and, if acceptable, will
incorporate them into the license as compliance locations for the ground water protection standards
listed above. NRC will notify the licensee and request new proposed compliance monitoring well
locations from the licensee, if any of the well locations are determined to be unacceptable.

. Implement the corrective action program described in the September 15, 1989 submittal, as

modified by the reverse osmosis system described in the January 15, 1998 submittal with the
objective of returning the concentrations of molybdenum, selenium, thorium-230, uranium, and
vanadium to the site standards as listed in LC 35B. [n addition, the reverse osmosis system will
include the addition of Sample Point 2 downstream of the Mixing Tank. Composite samples from
Sample Point 2 will be taken monthly and analyzed for U and Mo.




NRC FORM 374 U.S. NUCLEAR REGULATORY COMMISSION

MATERIALS LICENSE-. - - —. - . oo

1ant to the Atomic Energy Act of 1954, as amended, the Energy Reorganization Act of 1974 (Public Law 93438) and the applicable parts

*itle 10, Code.of. Federal Regulations, Chapter |, Parts 19, 20, 30, 31, 32, 33, 34 35 36, 39, 40, 51 70 .’and 72 -and’ ln.,,rel:ance -on
statements and representations heretofore made by the licensee, a license is hereby issued authonzmg the Ilcensee to receive; ~acquire,
possess, and transfer byproduct, source, and special nuclear material designated below; to use such material for the. purpose(s) and .at the
place(s) designated below; to deliver or transfer such material to persons authorized to receive it in accordance with-the regulations of the’
applicable Part(s). This license shall be deemed to contain the conditions specified in Section 183 of the Atomic Energy Act of 1954, as
lamended, and is subject to all applicable rules, regulations, and orders of the Nuclear Regulatory Commission now or hereafter in effect and
o any conditions specified below. '

Licensee

1. Homestake Mining Company 3. License Number SUA-1471‘Amendment No. 40

2. P.O.Box 98'
Grants, New. Mexico 87020

xpiration Date  Until terminated
.40-8903 .

6. Byproduct Source, and/or
Special Nuclear Material

Uranium

0 Authorized Place of U

[Applicable Amendménts: 12; 29]

10. This license authorizes.only thi
uranium waste tailings and other;byp

[Applicablé Amendments: 2, 6, 12, 16, 24
11. DELETED by Amendment No. 21.
12. Periodic embankment inspections of the large and small tailings embankment shall be conducted by
- knowledgeable individuals who are familiar with the site and the embankment design. An annual
embankment status report shall be included in the Annual Report (see LC 42).
[Applicable Amendments: 2, 12, 14, 24, 34]
13. DELETED by Amendment No. 27.

SUA-1471 entitled, “Guidelines for Decontamination of Facilities and Equipment Prior to Release for

"’ Release of equipment or packages from the restricted area shall be in accordance with the attachment to
Unrestricted Use or Termination of Licenses for Byproduct or Source Materials,” dated September 1984.

[Applicable Amendments: 21, 31]

Enclosure
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§141.62 40 CFR Ch. 1 (7-1-02 Edition)
CAS No. Contaminant MCL (mg/i)
(1) 15972-60-8 Alachlor 0.002
(2) 116-06-3 Aldicarb 0.003
(3) 1646-87-3 . Aldicarb sulfoxide 0.004
(4) 1646-87—4 Aldicarb sulfone 0.002
(5) 1912-24-9 Atrazine 0.003
(6) 1563-66-2 Carbofuran 0.04
(7) 57-74-9 ChIOrdane ..........coccivceeiee ettt 0.002
(8) 96-12-8 Dibromochloropropane 0.0002
(9) 94-75-7 .ccorirrrcccmrrrnren 2,4-D 0.07
(10) 106-93—4 ... Ethylene dibromide 0.00005
(11) 76-44-8 Heptachlor 0.0004
(12) 1024-57-3 Heptachlor epoxide 0.0002
(13) 58-89-9 Lindane . 0.0002
(14) 72-43-5 Methoxychlor 0.04
(15) 1336-36-3 Polychlorinated biphenyls ..........c..cocvivmiieniinns 0.0005
(16) 87-86-5 Pentachlorophenol - ) 0.001
(17) 8001-35-2 Toxaphene 0.003
(18) 93-72-1 2,4,5-TP vt veseasssssnnses 0.05
(19) 50-32-8 Benzo[a]pyrene 0.0002
(20) 75-99-0 " Dalapon 0.2
{21) 103-23-1 Di(2-ethylhexy!) adipate 04
(22) 117-81-7 Di(2-ethythexy!) phthalate .............coeviuviiniininnncinnns 0.006°
(23) 88-85-7 Dinoseb 0.007
(24) 85-00-7 Diquat 0.02
(25) 145-73-3 Endothall 0.1
(26) 72-20-8 Endrin 0.002
(27) 1071-53-6 Glyphosate 0.7
(28) 118-74-1 Hexacholorbenzene 0.001
(29) 77474 Hexachlorocyclopentadiene ...........ccoooiiicicenns 0.05
(30) 23135-22-0. Oxamyl (Vydate) 0.2
(31) 1918-02—1 Picloram 05
(32) 122-34-9 Simazine 0.004
(33) 1746-01-6 2,3,7,8-TCDD (Dioxin) 3x10-8

[56 FR 3593, Jan. 30, 1991, as amended at 56 -FR 30280, July 1, 1991; 57 FR 31846, July 17, 1992;

59 FR 34324, July 1, 1994]

§141.62 Maximum contaminant»_leggvlsz'«; o

for inorganic contaminants.
(a) [Reserved]

(b) The maximum contaminant levels: -

for inorganic contaminants specified.in
paragraphs (b) (2)-(8), (b)(10), and (b)
(11)-(16) of this section apply to com-
munity water systems and non-tran-
sient, non-community water systems.
The maximum contaminant level spec-
ified in paragraph (b)(1) of this section
only applies to community water sys-
~ tems. The maximum contaminant lev-
- els specified in (bX7), (b)@8), and (b)(9)
of this section apply to community
water systems; non-transient, non-
community water systems; and tran-
sient non-community water systems.

Contaminant MCL (mg/l)

(1) Fluoride ...
(2) Asbestos

4.0
7 Million Fibers/liter (longer
than 10 pm).

(3) Barium 2

(4) Cadmium . 0.005

(5) Chromium 01

(6) Mercury ... 0.002

T NITAtE o iae 10 (as Nitrogen)

* Contaminant - - MCL (mghl)

(8) Nitrite ...coocevevercrvviviiennnns
(9) Total Nitrate-and Nitrite ....

"1 1 (as Nitrogen)
10 (as Nitrogen)
05

{11) Antimony ...: 0.006

(12) Beryliium ... .. | 0.004

{13) Cyanide (as free'Cya: 0.2
nide). -

(14) [Reserved] .

(15) Thallium .. 0.002"

(16) Arsenic ... 0.01

(¢) The Administrator, pursuant to
section 1412 of the Act, hereby identi-
fies the following as the best tech-
nology, treatment technique, or other
means available for ‘achieving compli-
ance with the maximum contaminant
levels for inorganic contaminants iden-
tified in paragraph (b) of this section,
except fluoride:

BAT FOR INORGANIC COMPOUNDS
LISTED IN SECTION 141.62(B)

BAT(s)

_.Chemical Name

Antimony
Arsenic 4

27
1,2,586,7,9,
5

428



Environmental Protection Agency

with this subpart beginning January 1,
2004.

- (2) Transient NCWSs. Subpart H sys-
tems serving 10,000 or more persons and
using chlorine dioxide as a disinfectant
or oxidant must comply with the chlo-
rine dioxide MRDL beginning January
1, 2002. Subpart H systems serving
fewer than 10,000 persons and using
chlorine dioxide as a disinfectant or
oxidant and systems using only ground
water not under the direct influence of
surface water and using chlorine diox-
ide as a disinfectant or oxidant must
comply with the chlorine dioxide
MRDL beginning January 1, 2004.

(¢) The Administrator, pursuant to
Section 1412 of the Act, hereby identi-
fies the following as the best tech-
nology, treatment techniques, or other
means available for achieving compli-
ance with the maximum residual dis-
infectant levels identified in paragraph
(a) of this section: control of treatment
processes to reduce disinfectant de-
mand and control of disinfection treat-
ment processes to reduce disinfectant
levels.

[63 FR 69465, Dec. 16, 1998, as amended at 66
FR 3776, Jan. 16, 2001]

§141.66 Maximum contaminant levels
for radionuclides.

(a) [Reserved] ' . T

(b) MCL for combined radium-226 and
-228. The maximum contaminant level
for combined radium-226 and radium-
- 228 is 5 pCi/L. The combined radium-226
and radium-228 value is determined by
the addition of the results of the anal-
ysis for radium-226 and the analysis for
radium-228. .

(c) MCL for gross alpha particle activ-
ity (excluding radon and uranium). The
maximum contaminant level for gross

§141.66

alpha particle activity (including ra-
dium-226 but excluding radon and ura-
nium) is 15 pCi/L.

(d) MCL for beta particle and photon
radioactivity. (1) The average annual
concentration of beta particle and pho-
ton radioactivity from man-made
radionuclides in drinking water must
not produce an annual dose equivalent
to the total body or any internal organ
greater than 4 millirem/year (mrem/
year). C

(2) Except for the radionuclides listed
in table A, the concentration of man-
made radionuclides causing 4 mrem
total body or organ dose equivalents
must be calculated on the basis of 2
liter per day drinking water intake
using the 168 hour data list in “Max-
imum Permissible Body Burdens and
Maximum Permissible Concentrations
of Radionuclides in Air and in Water
for Occupational Exposure,” NBS (Na-
tional Bureau of Standards) Handbook
69 as amended August 1963, U.S. De-
partment of Commerce. This incorpo-
ration by reference was approved by
the Director of the Federal Register in
accordance with 5 U.S.C. 552(a) and 1
CFR part 51. Copies of this document
are available from the National Tech-
nical Information Service, NTIS ADA
280 282, U.S. Department of Commierce,
5285 Port Royal Road, Springfield, Vir-
ginia 22161. The toll-free number is 800-
553-6847. Copies may be inspected at
EPA’s Drinking Water Docket, 401 M
Street, SW., Washington, DC 20460; or
at the Office of the Federal Register,
800 North Capitol Street, NW., Suite
700, Washington, DC. If two or more
radionuclides are present, the sum of
their annual dose equivalent to the
total body or to any organ shall not ex-
ceed 4 mrem/year.

TABLE A.—AVERAGE ANNUAL CONCENTRATIONS ASSUMED TO PRODUCE: A TOTAL BODY OR ORGAN
DOSE OF 4 MREM/YR

1. Radionuclide
2. Tritium Total body

Bone Marrow

Critical organ .......

pCi per liter
20,000
8

(e) MCL for uranium. The maximum
contaminant level for uranium is 30 ug/
L.

() Compliance dates. (1) Compliance
dates for combined radium-226 and -228,
gross alpha particle activity, gross
beta particle and photon radioactivity,

431




§143.2

Drinking Water Act, as amended (42
U.S.C. 300g-1). These regulations con-
trol contaminants in drinking water
that primarily affect the aesthetic
qualities relating to the public accept-
ance of drinking water. At consider-
ably higher concentrations of these
contaminants, health implications
may also exist as well as aesthetic deg-
radation. The regulations are not Fed-
erally enforceable but are intended as
guidelines for the States.

§143.2 Definitions.

(a) Act means the Safe Drinking
Water Act as amended (42 U.S.C. 300f et
seq.).

(b) Contaminant means any physical,
chemical, biological, or radiological
substance or matter in water.

(¢) Public water system means a sSys-
tem for the provision to the public of
piped water for human consumption, if
such a system has at least fifteen serv-
ice connections or regularly serves an
average of at least twenty-five individ-
uvals daily at least 60 days out of the
year. Such term includes (1) any collec-
tion, treatment, storage, and distribu-
tion facilities under control of the op-
erator of such system and used: pri-
marily in connection with such system,
and (2) any collection or pretreatment
storage facilities not under such:con-
trol which are used primarily in con-
nection with such system. A public
water system is either a ‘‘community
water system” or a ‘‘non-community
water system.” )

(d) State means the agency of the
State or Tribal government which has
jurisdiction over public water systems.
During any period when a State does
not have responsibility pursuant to
section 1443 of the Act, the term
“State’’ means the Regional Adminis-
trator, U.S. Environmental Protection
Agency.

" (e) Supplier of water means any person
who owns or operates a public water
system. :

(f) Secondary marimum contaminant
levels means SMCLs which apply to
public water systems and which, in the
judgement of the Administrator, are
requisite to protect the public welfare.
The SMCL means the maximum per-
missible level of a contaminant in
water which is delivered to the free

40 CFR Ch. | (7-1-02 Edition)

flowing outlet of the ultimate user of
public water system. Contamimants
added to the water under cir-
cumstances controlled by the user, ex-
cept those resulting from corrosion of
piping and plumbing caused by water
quality, are excluded from this defini-
tion. '

[44 FR 42198, July 19, 1979, as amended at 53
FR 37412, Sept. 26, 1988]

§143.3 Secondary maximum contami-
nant levels.,

The secondary maximum contami-
nant levels for public water systems
are as follows:

Contaminant Level
AUMINUM e 0.05 to 0.2 mg/l.
i 250 mofl, -

Color e 15 color units.
Copper . ... 1 1.0 mg/l.
Corrosivity .... | Non-corrosive.
Fluoride ........ . | 2.0 mgfl.

. 10.5 mgh,

Foaming agents
. | 0.3 mgA.

[£0], TR

Manganese .... | 0.05 mg/l :
Odor ... ... | 3 threshold odor number.
pH .. ... | 6.5-8.5.

Silver ... .. 1 0.1 mgfl.

Sulfate ... N 250 mall.

Tolaidl s ihs

ZINC o 5 mg/l.

These levels represent reasonable goals
for drinking water quality. The States
may establish -higher -or-lower- levels
which may be appropriate dependent
upon local conditions such as unavail-
ability of alternate source waters or
other compelling factors, provided that
public health and welfare .are not ad-
versely affected. '

{44 FR 42198, July 19, 1979, as amended at 51
FR 11412, Apr. 2, 1986; 56 FR 3597, Jan. 30,
1991]

§143.4 Monitoring.

(a) It is recommended that the pa-
rameters in these regulations should be
monitored at intervals no less frequent
than the monitoring performed for in-
organic chemical contaminants listed
in the National Interim Primary
Drinking Water Regulations as applica-
ble to community water systems. More
frequent monitoring would be appro-
priate for specific parameters such as
pH, color, odor or others under certain
circumstances as directed by the State.

(b) Measurement of pH, copper and
fluoride to determine compliance under
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TITLE 20 ENVIRONMENTAL PROTECTION

" CHAPTER 6  WATER QUALITY = NERCEEEE B

PART 2 GROUND AND SURFACE WATER PROTECTION

20.6.2.1 ISSUING AGENCY: Water Quality Control Commission
[12-1-95; 20.6.2.1 NMAC - Rn, 20 NMAC 6.2.1.1000, 1-15-01]

20.6.2.2 SCOPE: All persons subject to the Water Quality Act, NMSA 1978, Sections 74-6-1 et seq.
[12-1-95; 20.6.2.2 NMAC - Rn, 20 NMAC 6.2.1.1001, 1-15-01]

20.6.2.3 STATUTORY AUTHORITY: Standards and Regulations are adopted by the commission under
the authority of the Water Quality Act, NMSA 1978, Sections 74-6-1 through 74-6-17.
[2-18-77, 9-20-82, 12-1-95; 20.6.2.3 NMAC - Rn, 20 NMAC 6.2.1.1002, 1-15-01]

20.6.2.4 DURATION: Permanent
[12-1-95; 20.6.2.4 NMAC - Rn, 20 NMAC 6.2.1.1003, 1- 15 -01]

20.6.2.5 EFFECTIVE DATE: December 1, 1995 unless a later date is cited at the end of a section.
[12-1-95, 11-15-96; 20.6.2.5 NMAC - Rn, 20 NMAC 6:2.1.1004, 1-15-01; A, 1-15-01]

20.6.2.6 OBJECTIVE: The objective of this Part is to implement the Water Quality Act, NMSA 1978,
Sections 74-6-1 et seq.
[12-1-95; 20.6.2.6 NMAC - Rn, 20 NMAC 6.2.1.1005, 1-15-01]

20.6.2.7 DEFINITIONS: Terms defined in the Water Quality Act, but not defined in this part, will have
the meaning given in the act. As used in this part:
A. "abandoned well" means a well whose use has been permanently discontinued or which is in a

state of disrepair such that it cannot be rehabilitated for its intended purpose or other purposes including momtormg
and observation;

B. "abate" or "abatement™ means the investigation, containment, removal or other mitigation of
water pollution; .
C. ""abatement plan" means a description of any operational, monitoring, contingency and closure

requirements and conditions for the prevention, investigation and abatement of water pollution, and includes Stage
1, Stage 2, or Stage 1 and 2 of the abatement plan, as approved by the secretary; o,

D. - “adjacent properties” means properties that are contiguous to the discharge site or property that i
would be contiguous to the discharge site but for being separated by a public or private right of way, including roads *
and highways.

E. "background" means, for purposes of ground-water abatement plans only and for no other
purposes in this part or any other regulations including but not limited to surface-water standards, the amount of -
ground-water contaminants naturally occurring from undisturbed geologic sources or water contaminants which the
responsible person establishes are occurring from a source other than the responsible person's facility; this definition
shall not prevent the secretary from requiring abatement of commingled plumes of pollution, shall not prevent
responsible persons from seeking contribution or other legal or equitable relief from other persons, and shall not
preclude the secretary from exercising enforcement authority under any appllcable statute, regulation or common
law;

F. "casing" means pipe or tubing of appropriate material, diameter and weight used to support the
sides of a well hole and thus prevent the walls from caving, to prevent loss of drilling mud into porous ground, or to
prevent fluid from entering or leaving the well other than to or from the injection zone;

- G. "cementing" means the operation whereby a cementing slurry is pumped into a drilled hole
and/or forced behind the casing;
H. “cesspool” means a “drywell” that receives untreated domestic liquid waste containing human

excreta, and which sometimes has an open bottom and/or perforated sides. A large capacity cesspool means a
cesspool that receives greater than 2,000 gallons per day of untreated domestic liquid waste;

I "collapse" means the structural failure of overlying materials caused by removal of underlying
materials;

20.6.2 NMAC 1



C. The standards are not intended as maximum ranges and concentrations for use, and nothing herein
contained shall be construed as limiiting the use of waters containing’ hlgher ranges and concentrations.
[2-18-77; 20.6.2.3101 NMAC - Rn, 20 NMAC 6.2.111.3101, 1-15-01] "

20.6.2.3102: [RESERVED]
[12-1-95; 20.6.2.3102 NMAC - Rn, 20 NMAC 6.2.11.3102, 1-15-01]

20.6.2.3103 STANDARDS FOR GROUND WATER OF 10,000 mg/l TDS CONCENTRATION OR
LESS: The following standards are the allowable pH range and the maximum allowable concentration in ground
water for the contaminants specified unless the existing condition exceeds the standard or unless otherwise provided
in Subsection D of Section 20.6.2.3109 NMAC. Regardless of whether there is one contaminant or more than one
contaminant present in ground water, when an existing pH or concentration of any water contaminant exceeds the
standard specified in Subsection A, B, or C of this section, the existing pH or concentration shall be the allowable
limit, provided that the discharge at such concentrations will not result in concentrations at any place of withdrawal
for present or reasonably foreseeable future use in excess of the standards of this section. These standards shall
apply to the dissolved portion of the contaminants specified with a definition of dissolved being that given in the
publication "methods for chemical analysis of water and waste of the U.S. environmental protection agency," with
the exception that standards for mercury, organic compounds and non-aqueous phase liquids shall apply to the total
unfiltered concentrations of the contaminants.
A. Human Health Standards-Ground water shall meet the standards of Subsection A and B of this

section unless otherwise provided. If more than one water contaminant affecting human health is present, the toxic

pollutant criteria as set forth in the definition of toxic pollutant in Section 20.6.2.1101 NMAC for the combination
of contaminants, or the Human Health Standard of Subsection A of Section 20.6.2.3103 NMAC for each
contaminant shall apply, whichever is more stringent. Non-aqueous phase liquid shall not be present floating atop
of or immersed within ground water, as can be reasonably measured. :

(1) ATSEIC (AS).tniniiitiie ittt e e 0.1 mg/1

Q) Barium (Ba).......oooiiiiee e S 1.0 mg/]
(3)  Cadmium (Cd).......eovveereeeeeeee e, 0.0 mg/l

" (@) "Chromitm (Cr).. ... e eiiereieeninn....0.05 mg/l
(5) Cyanide (CN)...............ce e e ....0.2 mg/1
(6)  FIUOTIAE (F).euiniiinieieei e e et e e 1.6 mg/l
(7)) Lead (Pb)......eiieeeeiiiieeeeie e DU 0.05 mg/l
(8) Total Mercury (HE). .. . evvrneenneeiinaminierieeiieeeier et e e 0.002 mg/1

© (9) Nitrate (NO3asN)...oooveeeieiirieeinnnnns, eriieiiiiiiiiiiiens eeens ...10.0 mg/1
*(10)  Selenium (Se).. il TR 0.05 mg/l
T (11) " Silver (Ag)........ el e £0070...0.05 mg/l

(12) " Urdnium (U)....... O S S PV Ao s 0.03 mg/l
(13)° Radioactivity: Combmed Radxum—226 & Rad1um—228 ................ 30 pCil
(14)  BENZENE...couvvvneesviiiiieeeeeiii e el FETR 0.01 mg/l
(15) " Polychlorinated blphenyls (PCB ) IO R U 0.001 mg/1
(16)  TOlUENE......cveii el [T 0.75 mg/l
(17) Carbon Tetrachloride................c.ooooiiiiiii e, [UPTOTOTR 0.01 mg/1
(18)  1,2-dichloroethane (EDC) ........c...ccoovviiiiiiiiiiiiiii e 0.01 mg/1
(19) 1,1-dichloroethylene (1,1-DCE) ...c..ooiiiiiiiiiiiiiii e 0.005 mg/1
(20) 1,1,2,2-tetrachloroethylene (PCE) ...........c...ooiiiiiiiiiiininns ..0.02 mg/l
(21)  1,1,2-trichloroethylene (TCE) ..., e e 0.1 mg/
(22)  ethylbenzene. ... .. cvevunieiiineiii e 0.75 mg/1
(23) total xylenes..........coeoerveiniiiriennnen. e e 0.62 mg/l
(24) methylene chloride................. e P e 0.1 mg/l
(25) chloroform.................ues e 0.1 mg/l
(26) 1,1-dichloroethane......... ST e, SR e 0.025 mg/l
(27) ethylene dibromide (EDB) .........ccooeviiiiiiiiiiiiiians .......0.0001 mg/1
(28)  1,1,1-trichloroethane..................oooo R 0.06 mg/l
(29) 1,1,2-trichloroethane.............coooiviiiinieiinnnnin e 0.01 mg/1
(30)  1,1,2,2-tetrachloroethane.................ccuveeeiiiiiianciiiiiceee i 0.01 mg/l
(1) winylchloride. ... ..o :0.001 mg/l

20.6.2 NMAC ' ' 12




. ‘ (32) PAHS: total naphthalene plus monomethylnaphthalenes. e werer»0.03 mg/l.

©(33)  DENZO-A-PYTENE.....cceeeresitvreiiiriieeiniee s i e 0 0007 mg/l:
B. Other Standards for Domestlc Water Supply
(1) ChIOTde (Cl) ouiiein et Dot et vttt e e 250.0 mg/1
(2)  CopPer (CU) ..eneneiii e 1.0 mg/1
(3) TEOM(FE) weereniii e 1.0 mg/l
(4) Manganese (MN) ........oooiiiiiiiiiiiii e 0.2 mg/l
(6) Phenols..........coooiviiiiiii 0.005 mg/1
(7)  Sulfate (SOs) .eeovvveiiiiiiiiieiiii e et 600.0 mg/l
(8)__Total Dissolved Solids (TDS) ...vv.ireeerereeeeieraiaaeiaiiieiiiiiieinens 1000.0 mg/T-
(9)  ZANC (ZN) .o e e e et 10.0 mg/l
(10)  PHooi between 6 and 9
C. Standards for Irrigation Use - Ground water shall meet the standards of Subsection A, B,
and C of this section unless otherwise provided.
(1) Aluminum (A ... .o coiireeeeiiiii e .r...5.0mg/l
(2) Boron(B).......oveviiniiiiininnn e, e 0.75 mg/l
(B3)  Cobalt (CO) ...uviineniiiii e 0.05 mg/1
(4) Molybdenum (M0) ....oouienieniiii ittt a e e 1.0 mg/l,
(5)  Nckel (NI) oo e 0.2 mg/l
[2-18-77, 1-29-82, 11-17-83, 3-3-86, 12-1-95; 20.6.2.3103 NMAC - Rn, 20 NMAC 6.2.111.3103, 1-15-01; A, 9-26-

04]

[Note: For purposes of application of the amended numeric uranium standard to past and current water discharges
(as of 9-26-04), the new standard will not become effective until June 1, 2007. For any new water discharges, the
uranium standard is effective 9-26-04.]

20.6.2.3104 DISCHARGE PERMIT REQUIRED: Unless otherwise provided by this Part, no person shall
cause or allow effluent or leachate to discharge so that it may move directly of indirectly into ground water unless he
is discharging pursuant to a discharge permit issued by the secretary. When a permit has been issued, discharges
must be consistent with the terms and conditions of the permit. In the event of a transfer of the ownership, control,

or possession of a facility for which a discharge permit is in effect, the transferee shall have authority to discharge -
under such permit, provided that the transferee has complied with Section 20.6.2.3111 NMAC, regarding transfers. .
[2-18-77, 12-24-87, 12-1-95; Rn & A, 20.6.2.3104 NMAC - 20 NMAC 6.2.111.3104, 1-15-01; A, 12-1-01]

20.6.2.3105 EXEMPTIONS FROM DISCHARGE PERMIT REQUIREMENT Sections 20. 6 2.3104-and -

. 20.6. 2. 3106 NMAC do not apply to the following: i
AL Effluent or leachate which conforms to all the listed pumerical standards of Section 20.6.2.3 103

NMAC and has a total nitrogen concentration of 10 mg/1 or less, and does not contain any, toxic pollutant. To -+ . -

determine conformance, samples may be taken by the agency before the effluent or leachate is discharged so that it-....-..

may move directly or indirectly into ground water; provided that if the discharge is by seepage through non-natural

or altered natural materials, the agency may take samples of the solution before or after seepage. If for any reason

the agency does not have access to obtain the appropriate samples, this exemption shall not apply;

B. Effluent which is discharged from a sewerage system used only for disposal of household and
other domestic waste which is designed to receive and which receives 2,000 gallons or less of liquid waste per day;
C. Water used for irrigated agriculture, for watering of lawns, trees, gardens or shrubs, or for

irrigation for a period not to exceed five years for the revegetation of any disturbed land area, unless that water is
received directly from any sewerage system; '

D. Discharges resulting from the transport or storage of water diverted, provided that the water
diverted has not had added to it after the point of diversion any effluent received from a sewerage system, that the
source of the water diverted was not mine workings, and that the secretary has not determined that a hazard to public
health may result;

E. * Effluent which is discharged to a watercourse which is naturally perennial; discharges to dry
arroyos and ephemeral streams are not exempt from the discharge permit requirement, except as otherwise provided
in this section; '

F. Those constituents which are subject fo effective and enforceable effluent limitations in a National
Pollutant Discharge Elimination System (NPDES) permit, where discharge onto or below the surface of the ground
so that water contaminants may move directly or indirectly into ground water occurs downstream from the outfall

20.6.2 NMAC : 13
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1.0 - .. EXECUTIVE SUMMARY AND INTRODUGCTION. - .
1.1 EXECUTIVE SUMMARY

Homestake Mining Company of California manages a ground water restoration program
as defined by Nuclear Regulatory Commission (NRC) License SUA-1471, aﬁd New Mexico

Environment Department (NMED), DP-200 permit. The restoration program is a dynamic on-going
strategy based on a restoration plan, which began in 1977, and is scheduled to be completed in 2015.

Additional evaluation of the ground water restoration has extended the end of the program to 2015
from 2011.

Homestake’s long-term goal is to restore the ground water aquifer to levels as close as
practlcable to the up-gradient backgnound levels. A ground water collection area (see shaded area on
Figure 2.1-1, Page 2.1-11) has been established and is bounded bya down-gradlent perimeter of
injection/infiltration wells and trenches. Alluvial ground water that flows beneath the tailings enters.
this collection area. All ground water in the allﬁvial aquifer that is within the collection area is
eventually captured by the collection well system. Once ground water quality restoration within the
zone is complete and approved by the agencies, the site is to be transferred to the U.S. Départment of
Energy, which will have the responsibility for long-term site care and maintenance.

~ The data reported within this document represent the results of the monitoring program
during 2006. This is a yearly reporting requirement. A similar report has been submitted to the -
agencles each year smce 1983 (see list in Sectlon 1.2).. o :

The restoration program is designed to remove target contammants from the ground water
by ﬂushmg the alluv_lal aquer with deep-well supphed t_';esh water or water produced from the
reverse osmosis (R.O.) plant. A series of collection wells is used to collect the contaminated water,
which is pumped to the R.O. plant for treatment or, alternatively, reported to the evaporation ponds.

Historically, the contaminants are found in two different aquifer systems. The aquifer '

system of primary concern is the alluvial system, which averages approximately 100 feet in depth,

and extends generally north to south encompassing the San Mateo alluvial aquifer. In addition, a

second aquifer system is found within the Chinle formation underlying the San Mateo alluvium. Itis
compriéed of three separate aquifers designated as the Upper, Middle and Lower Chinle aquifers.

The Hydro-Engineering 2003b report should be reviewed for details of the geologic setting and

Grants Reclamation Project .
2006 Annual Report 1.1-1
Monitoring '/ Performance )
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" The San Andres aquifer is the most important regional aquifer in the Grants PI‘Q]CCt.
area. The Chinle Formation, which exists between the alluvium and the San Andres, is
'approximately 800 feet thick at the Homestake tailings site aﬁd is primarily a shale with a few
sandstone lenses. Therefore, the alluvial aquifer and the San Andres aquifer are separated By a
very thick aquitard. The difference in piezometric head between the alluvial and San Andres

s SAN ANDRES AQUIFER MONITORING S T RE

aguifers is in the range of 80 to 100 feet, which confirms that the flow between the two systems

is restricted by the limited permeability of the Chinle Formation. The San Andres and alluvial

aquifers are only in direct contact in the western portion of the area presented on Figure 8.0-1... .. ..

(see magenta pattern arca). With no areas of direct communication within the area where the

alluvial aduifer is impacted by tailings seepage, and only very limited hydraulic communication :: =~ -.'x . -
through the Chinle shale, the San Andres aquifer is not affected by tailings seepage. - The-San » .- -
-Andres aquifer has been used as the source for fresh-water. injection into the alluvium and Chinle:s <. .-

aquifers at the Grants Project, and as a resﬁlt, a mohitoﬂng program was established for the San

" ~ Andres aquifer. _ _
" Table 8.0-1 presents well completion information for the San Andres wells in this

area. Homestake’s two deep wells within the project area are San Andres wells, #1 Deep and #2 . -

Deep. These wells are used to supply the fresh-water- m_]ectmn systems within- the collectxon

of the area shown in the ﬁgure and in the far western portion of the figure. The structure of the
San Andres aquifer dips to the east, and thus the ground water system becomes progressively
deeper in the easterly direction. The water-level elevations measured during 2006 (Figure 8.0-1)
show a very flat piezometric surface with the gradient being from the west-northwest to the east-
southeast. The continuity of the gradient in this area indicates that the East and West faults do
not significantly affect the ground water flow in the San Andres aquifer. The displacement at the
faults is not large enough to completely displace the entire thickness of this aquifer system. The

‘. increase in gradient in the project area also indicates a decrease in transmissivity in the area of
Grants Reclamation Project 8.0-1
2006 Annual Report

Monitoring / Performance Review

‘,area. “San Andres well 951 is ‘used. as the fresh-water mJectlon supply for the mjectlon system in S

- Sections 28 and 29 wh11e San Andres well 943 is used as the fresh water mjectlon supply for:the: =

injection system in Sections 3 angl 34 and Felice Acres. Figure 8.0-1 shows the locatlops ofithe: . =i -

~" San Andres wells relevant to this area. Recharge to the San Andres aquifei' occurs mai‘nly'wes'taf::--f A
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Homestake Mining Company - Grants Projeg:_':t'

e ‘:ﬁ"',.‘ill-;-; - , Parameter Codes -~ -

Parameter Parameter Parameter .
1 Ca (mg/b Calcium, Dissolved
2 Mg (mg/l) Magnesium, Dissolved
3 K {(mg/l) Potassium, Dissolved
4 Na (mg/l) . Sodium, Dissolved
5 HCO3 . (mg/l) Bicarbonate, Dissolved
.6 co3 {mg/l) Carbonate, Dissolved
7 a (ma/l) Chlorine, Dissolved
8 S04 (mg/l) Suifate, Dissolved
9 pH (std. units) pH
10 TDS (mg/1) Total Dissolved Solids
11 Cond {micromhos/cm) Conductivity "Micromohs Meter"
12 Temp (deg. C) Temperature Celsius
13 WL (feet) Water Level Below Measuring Point:
14 CE - (ft-mst) Casing Elevation (Feet): = =~
15 Unat _(mg/) U-Nat, Dissolved = *
16 KNO3 (mg/l) Nitrogen Kjedahl, Dissolved
17 Bv - -+ (galions) Bail Volume -~ -
18 TD (feet) Total Depth Below Measuring Point
I 19 DDT PSI (psi) Drawdown Tube Pressure
‘. 20 Vacuum (in-Hg) Well Head Vacuum
(! B . 21 Pump PSI (psi) Pump Pressure
22 Al (mg/l) Aluminum, Dissolved
23 As {(mg/1) Arsenic, Dissolved
24 Ba : (mg/ly - Barium, Dissolved
- 25, B. (mg/l). . Boron, Dissolved
2% (mg/1) Cadmium, Dissolved ]
e et s 27 ¢ (mg/). .. . . Chiomium, Dissolved: > . * [ e
I o 28 Co (mg/l)~ . Cobalt, Dissolved p T i
LT 29 Cu ' (mg/ly ' COppér,Dissolved” T 7T e
- 30 Cn : (mg/)y - Cyanide, Dissolved _ '
N 31 F (mg/l) . Flouride, Dissolved : ' T
32 Fe {mg/1)  Iron, Dissolved
33 Pb (mg/) Lead, Dissolved
34 Mn (mg/h) Mar_lganese, Dissotved
35 Hg (ma/t) Mercury, Dissolved
36 Mo (mg/l) Molybdenum, Dissolved
37 Ni (mg/l) Nickel, Dissolved
38 NH3 (mg/l) Ammonia, Dissolved
39 NO3 (mg/1) Nitrate, Dissolved
40 Se (mg/l) Selenium, Dissolved
41 Ag (mg/1) Silver, Dissolved
42 v (mg/) Vanadium, Dissolved '
43 Zn (mg/l) Zinc, Dissolved
44 U308 (mg/h) Uranium Oxide, Dissolved
‘D 45 Raz226 (pCi/1H Radium 226, Dissolved



Sample |

Parameter

#1 Deepwell - CW21

Savmple

Sample Remark Value
Point ' Date Code Code Symbol Value -

0951 08/31/95 15N 0.019
0951 03/07/96 15 N 0:017
0951 10/22/96 15 N 0.0052 -
0951 08/21/97 15N 0.024
0951 12/17/97 15N ... 0.0238..
0951 08/18/98 15N . 0.025
0951 08/19/99 15N 1 0.025:
0951 09/17/99 15N 10.0256..
0951 10/19/99 15 N 0.0248
0951 11/02/99 15N
0951 12/10/99 15N
0951 01/20/00 15N
0951 08/09/00 15N
0951 10/17/02 15N

0951 10/27/03 15N
0951 12/08/04 15N
0951 04/25/05 15N
0951 12/05/05 15 N
0951 03/16/06 15N




NEW MEXICO
ENVIRONMENT DEPARTMENT

Ground Water Quality Bureau '_-' "

Harold Runnels Building'
1190 St. Francis Drive, P. O. Box 26110

BILL RICHARDSON : ' Santa Fe, NM 87502-6110 o RON CURRY » v ozwi™

Governor ' Secreta
DIANE DENISH Phone (505)827-2918 Fax (505) 827-2965 CINDY PAD?II_LA T
Lieutenant Governor www.nmenv.state.nm.us Deputy Secretary -

October 17, 2007

Mr. Chris Clayton

Office of Long-Term Stewardship, Office of Environmental Management, U.S. Department of Energy S

Forestal Building
1000 Independence Avenue, S.W.
Washington, D.C. 20585

Mr. Ron Linton : :

Senior Groundwater Hydrologist/Project Manager :
U.S. Nuclear Regulatory Commission Office of Federal and State Materials and Environmental
Management Programs

Mail Stop T-8F5

11545 Rockville Pike

Rockville, MD 20852-2738

RE: Request for NRC and DOE San Andres Aquifer Sampling Due to Concerns Relatmg to the
- Anaconda Bluewater Mill and Homestake Uranlum M|II sutes, New Mexnco

Dear Mr: Clayton and Mr. Linton:

Through its oversight of ongoing ground water remedial . activities -at .the Homestake Uranium. Mill.:
Superfund Site, the New Mexico Environment Department (NMED) has noted several San Andres-.;t'

completion wells that exhibit elevated or increasing concentrations of contaminants that are common-to.:- .f?
both the Homestake site that is under Nuclear Regulatory Commission (NRC) jurisdiction for reclamation, -

as well as the nearby Anaconda Bluewater Mill site that is under Department of Energy jurisdiction for
long-term surveillance. The San Andres aquifer is the source for the nearby Village of Milan and City of
Grants municipal water supply systems. Moreover, many residents of subdivisions south of the
Homestake Site and southeast of the Bluewater Site have private wells, the majority of which are
completed within aquifers overlying the San Andres. Since 2005, NMED has conducted a residential well
sampling program within this area, which has revealed that many wells that are completed into these
shallower aquifers have contaminant levels that exceed both Federal and State drinking water standards.
NMED wants to ensure that the San Andres aquifer will remain available for safe human consumption to
these, as well as to future, residents in this area.

Figures 1-6 are time-series plots of dissolved uranium concentrations in several San Andres-completion
wells within the vicinity of these sites; Figure 7 shows the locations of these wells. One well (806) is
known to have a bad completion, and is providing a pathway for cross-contamination from overlying
contaminated aquifers; however the source of contamination in the other noted wells is currently
unknown. As noted from these plots, uranium concentrations either are consistently above the State
standard of 0.03 ppb (20.6.2.3103A NMAC) or show an increasing trend of dissolved uranium
concentrations.


http://www.nmenv.state.nm.us

"Mr. C. Layton, DOE and R. Linton, NRC S R P S : e L

" RE: ""Réquest for NRC and DOE San Andres Aqu:fer Samphng Due to Concerns Relatmg to- the B

Ce .;,qAnaconda Btuewater Mill and Homestake Uranium Mill sites,. New Mexico.. . . -
'October 17,2007 . - : L . e
Page 2 of 9 : ' : : : -

NMED is requesting that characterization studies of the San Andres aquifer within this area be performed;_- T
to determine whether contaminants originating from the Homestake or Bluewater mill sites may be..:: ...
impacting this important aquifer. Please contact David L. Mayerson of my staff at (505) 476-3777 or
"david.mayerson @state.nm.us to discuss planning for this activity at your earliest convenience. .

Sincerely,

Dana Bahar
Manager
Superfund Qversight Section .

Copies
Mr.:Sairam Appaiji, EPA Region 6 S _ Ar e
Mr. Milton Head, Bluewater Vailey Downstream Alliance ; : R
Mr. David L. Mayerson, NMED/SOS . ST
Mr. Jerry Schoeppner, NMED/MECS T
October 2007 NMED/SOS read file ST
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. < Mr. C. Layton, DOE and R. Linton, NRC : T
RE: Request for NRC and DOE San Andres Aquifer Sampling Due to Concerns Relatmg to the

" Anaconda Blugwater Ml” and Ho estake Uramum Mill sites, New Mexico
~ October, 17, 2007 - E S B
Page30f9" T
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R Request for NRC ‘and DOE San “’“A’ndres Aquifer Sampling Due to Concerns Relatmg to the
o --Anaconda Bluewater MxII and Homestake Uramum Mill sites, New Mexico . .
October 17,2007 i s TV
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' Mr. C. Layton, DOE and R. Linton, NRC -~ I ‘L. nniw T T

RE: Request for NRC and DOE San Andres Aqwfer Sampllng Due to Concerns Relatmg to the
Anaconda Bluewater Mill and Homestake Uramum Mnl S|tes New Mexwo s

_ October 17, 2007 R :

Page 5 of 9

Well 928 Uranium
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erns Relating to the

Well 951 Uranium

Request for NRC and DOE San Afdres Aquifér Sampling Due t6
Anaconda Bluewater Mill and-Homestake Uranium.Mill.sites, New Mexico....cc.... .....

0.04 4

0.035

Mr. C. Layton, DOE and R. Linton, NRC * 7" ¥

October 17, 2007
Page 6 of» 9
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. October 17, 2007 .-

" =MF. C. Layton DOE and R+ Linton, NRC ‘
“""RE: Request for NRC  and DOE San Andres Aquifer Sampling Due to Concerns Re|at|ng to the

Anaconda Bluewater, M|II and Homestake Uranium Mill sites, New Mexico _

Page 7 of 9
Well 986 Uranium
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- MrC! Lay'ton ‘DOE ahd R: tinton; NRC' - Pl e L e

RE: Request for NRC and DOE San’ Andres’ aquer sampling due to concerns relatmg to the
~-Anaconda. Bluewater MI|| and Homestake Uramum Mill sites, New Mexico

October 17, 2007 S

Dissolved o Dissolved

Uranium i Uranium
Well806 = Sample date (ppb) Well 806 Sample date (ppb)
806 . _ 09/18/1981 0.00848 - . 0951 12/17/97 0.0238
806 . 11/09/1994 0.012 0951 08/18/98 0.025
806 07/24/1996 0.013 0951 08/19/99 0.025
806 11/12/1996 0.0139 ’ 0951 09/17/99 0.0256
806 09/02/1997 0.01 : 0951 10/19/99 0.0248
806 08/10/1998 0.0175 0051 11/02/99 " 0.023
806 08/22/2000 0.018 0951 12/10/99 0.0204
806 08/24/2001 0.018 0951 01/20/00 0.0316
806 1017/2002 ~ 0.015 0951 08/09/00 0.003
806 10/27/2003 0.0152 - 0951 : 10/17/02 0.028
806 04/21/2005 0.0152 0951 10/27/03 0.0314
806 11/18/2005 0.0179 0951 12/08/04 0.0272
806 10/04/2006 0.0182 _ 0051 04/25/05 0.0281
" 0951 _ 12/05/05 0.033
Well 923 ‘ _ ‘ 0951 03/16/06 0.0372
0923 - 04/07/93 0.443 ‘ T
0923 10/11/93 0.428 Well 986 -
0923 04/06/94 0.354 ' 986 " 05/02/06 0.0481
986 05/15/07 0.0514
‘Well-928- - - o - A T : C ol
0928 07/09/80 0.04 Figure 6: Data from HMC
0928 _ 11/15/88 0.062
0928 03/14/94 0.086 -
0928 _ 10/24/94 0.078 : o
0928 02/09/95 0.033 s
0928 03/08/96 0.071 :
0928 » 10/23/96 0.0717
0928 00/02/97 0.061 s
0928 08/27/98 0.101 ' ek
0928 08/26/99 0.0945 -
0928 08/09/00 0.106
0928 08/29/01 0.086
0928 10/21/02 0.087
0928 12/09/04 0.0822
0028 12/05/05 0.0887
0928 12/10/06 0.0853
Well 951
0951 _ 04/15/93 0.018
0951 10/05/93 0.022
0951 04/05/94 0.022
0951 08/31/95 0.019
0951 03/07/96 0.017
0951 10/22/96 0.0052

0951 08/21/97 0.024



Mr. C. Layton, DOE and R. Linton,.NRC. . e -

RE:  Request -for NRC and DOE San. Andres. aqulfer‘

Anaconda Bluewater Mill and Homestake Uranium Mill sites, New Mexico
October 17, 2007 7 ,’";‘_';‘ 2l . ,
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Figure 7: Well locations in preceding figures are highlighted by boxes
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2.0  GEOLOGIC SETTING AND AQUIFER CONNECTIONS .

Tailings at the Grants site are Iocated on ‘top of the alluvium and therefore the aIIuvral
aquifer is the most important ground-water system relative to the Grants site. The
- surface geology and structure contours are presehted on United States Geological Survey
(USGS) quadrangle topographic maps. Geologic maps and other geologic information
were compiled and presented by New Mexico Bureau of Mines and Mineral Resources
- (NMBM) and USGS reports on the area. These reports have been used in defining the
geologic setting at this site but are not necessary for the background review.

The uranium ore bearing rocks that have been mined in this area outcrop in the San
Mateo drainage system and contain significant natural concentrations of uranium and
selenium. Therefore, the alluvial material would be expected to contain above normal .
concentrations of uranium and selenium that are typically present in. uramum deposits.

The Chlnle Formation forms the base .of the alluvial aquifer at the Grants site. The Chinle. - . -
Formation also contains some natural uranium and selenium concentrations. Therefore,

the geologic setting has significantly affected the'background water quality at this site.

~ The hydrologrc conditions in this area have been defined by New Mexico State Engmeer,__, .
-~ -.(NMSE), USGS and NMBM reports on the area. Ground-water condttrons for the Grants-

site have been defined in prevrous documents submrtted to the NRC and typically. . .
~ referenced in the annual reports on the site. These hydrologrc reports have been used in
developing the hydrologic conditions presented in this report at the Grants site and are
not necessary for the background review and therefore not included in this submittal. The
Grants project site exists on the San Mateo alluvial system. The San Mateo alluvial
system follows the San Mateo alluvium and drainage system and extends from northeast

of the site to the south and west. Bedrock material exists on the surface to the northeast

and southeast sides of the alluvial material. Figure 2-1 shows a typical cross section at
" the Grants site with saturated alluvium shown in red. -

2-1



The Chmle Formation, which is a massive shale (approximately 800 feet thick) at.the-

talllngs snte exists below the alluvium. The Chinle shale is a very ‘good aquntard and o
greatly restricts movement vertically from the alluvial aqunfer. A few sandstones exngt___, e
within the Chinle shale, which form bedrock aquifers in this area, The cross section' o
shows the Upper Chinle sandstone in blue and shows where the Upper Chinle sandstone -
subcrops against the alluvial aquifer forming a direct connection between these two. .

ground-water systems. The second major sandstone in the Chinle Formation has been

B Th|s subsect:on presents the geologic setting and well completions for the alluvial aqunfer

named the Middle Chinle sandstone. This sandstone is shown in magenta in the cross

section and also subcrops against the alluvium further south. In this cross section a third ..
permeable zone within the Chinle shale has been defined and is called the Lower Chinle .. .. ..
aquifer. This zone consists mainly of fractured shale and is therefore highly variable _' -
depending on secondary permeability developed in the shale. The Lower Chinle aqui_ferj{s'
not used very much in this area due to its depth and naturally poor water quality. A few
wells are completed in the Lower Chinle .aquifer due to the lack of existence o—fmt'heﬂ—
~ alluvial, Upper or Middle Chinle aquifers in some areas. The San Andres aquifer exists- ‘
below the Chinle Formation as is the regional aquifer in this area. The San Andres is not .
discussed in this report because it has not been impacted by Homestake tailings seepagje.: - o

"21 ALLUVIALAQUIFER P T AT

The basic well data for the background alluvial wells at the Grants site are presenteg%m,;._,j,\_;;:
Tables 2'—41w'and Tables 2-2. The annual reports present the basic well data for all other - -
wel;ls at "che site. Annual reports are not presented in this submittal because they were
previously submitted to the NRC and are not required for this analysis. Figures 2-2A and -

2-2B show the location of the alluvial wells that have been used to define the ground-

water conditions in the alluvial aquifer at the Grants site. Figure 2-2B shows the locations

of the nine alluvial background wells, which are listed in Table 2-1 north of the Large

Tailings. Figure 5-1 also presents the locations of the nine background wells and

locations (4 ‘
\
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URANIUM RESOURCES IN NEW MEXICO
’Virginia T. McLemore, NM Bureau of Geology and Min. Res., NM Inst. of Mining and -
Tech., Socorro, NM 87801

ABSTRACT

. New Mexico ranks 2™ in uranium reserves in the
U. S., which amounts to 15 million tons ore at
0.277% U303 (84 million lbs U;0g) at $30/1b
(EIA, 2006). The most important deposit in the
state is sandstone within thé"Mofnso'ﬁ'Formatlon

. (Jurassic) in the Grants district. More than 340" ..
million pounds of U;O; have been produced
.- from these deposits from 1948-2002, accounting

. for 97% of the total production in New Mexico

-and more than 30% of the total production in the
- United States. Sandstone uranium deposits are
- defined as epigenetic concentrations of uranium
. in fluvial, lacustrine, and deltaic sandstones.
~~Three types of sandstone uranium deposits are

- recognized: tabular (primary, trend, blanket,

black-band), roll-front (redistributed, post-fault,

secondary), and fault-related (redistributed, =
- stack, post-fault) Several . companies ..are. . .
~i%. planning .to” mine these deposits by in-situ
‘ leachmg

SE SN ,,'L,*'_-- st i

INTRODUCTION S

During a period of nearly three-decades.-

(1951-1980), the Grants uranium district in
northwestern New Mexico (Fig. 1) yielded more
uranium than any other district in the United
States (Table 1). Although there are no
producing operations in the Grants district today,
numerous companies have acquired uranium
properties and plan to explore and develop
deposits in the district in the near future. The
Grants uranium district is one large area in the
San Juan Basin, extending from east of Laguna
to west of Gallup and consists of eight
subdistricts (Fig. 1; McLemore and Chenoweth,
1989). The Grants district is probably 4® in total
world ‘production behind East Germany,
Athabasca Basin in Canada, and South Africa
(Tom Pool, General Atomics, Denver, Colorado,

written communication, December 3, 2002).
Most of the uranium production in New Mexico

has come from the Morrison Formation in the

Grants uranium district in McKinley and Cibola

formerly Valencia) Counties, mai fro
Westwater Canyon Member in the San Juan

"'(]h!wdslrnualm

Basin (Table 2; McLemore, 1983).

New Maxico

- l:v
Q s
" '
@ i
Chaco Canyon
. Nose Rock
[Churchrock
[Crownpoint Ambrosia Lake
D . '
) ad
Smith Lake $
.9
!
Laguna

Formation (hiaide)
_ landslmmmwnneposlh

'"",~‘ P

Taag 4 LT
leaslono uranium
deposits

Other gedimentary -
rocks wil

deposita uranium

- Figure 1. Grants; uranium district, San Juan
"Basin, New  Mexico. - Polygons outline
approximate areas of known-uranium deposits.

The purpose of this report is to briefly
describe the general types of uranium deposits
(Table 2, 3) and their production, geology,
resources, and future potential in New Mexico.
Much. of this report is summarized from
McLemore (1983), McLemore and Chenoweth
(1989, 2003), McLemore et al. (2002), and other
reports as cited. This report also presents an
update of the uranium industry in New Mexico
since 2003. Information on specific mines and
deposits in New Mexico can be found in cited
references, McLemore (1983), and McLemore et
al. (2002). :



< Table 1. Uranium production by fype

ype”iofi depositi-from”the+San’ Jiidii: Basini; New .
" (McLemore and Chenoweth, 1989, 2003;iptoduction: frori 1988:2002 estimated by'ftﬁé:'Semor author). Type~

_of deposit refers to Table 3. Total U S.-production -from: McLemore and Chenoweth .(1989) and Energy
" Information Administration (2006). ' approximate_ figures rounded to the nearest 1000 pounds There hasn’t
been any uranium production from New Mexico since.2002.° :

Type of deposit .. .Production. (pounds..- .Penodw,of.....production Produg:_tign;,_per _total in New
U303) (years) Mexico (%)
Primary, . redistributed, remnant- 330,453:000 -~ - -1951-1988. .. = . 954 - - ...
sandstone uranium  deposits
(Morrison Formation, Grants
district)
Mine-water recovery 9,635,869 “1963-2002 2.4
Tabular sandstone uranium 493,510 1948-1982 0.1
deposits (Morrison Formation,
Shiprock district)
Other Morrison  sandstone 991 1955-1959 - —
uranium deposits ’ ' S :
s 7 o

Other  sandstone uranium 503279 o

deposits

" Limestone uranium depoéité - 6.,»67-'1",-7'9i§—~ 1950-1985-- - - 1.9
'(Todllto Formatxon) T T e
Other scdlmentary rocks with 34,889 o 1952—197b ' ‘ -
uranium deposits :
- - Vein-type uranium deposits 226,162 . __.._.. -..1953:1966 —_—
Igneous and metamorphic rocks 69" 1954-1956 —
, with uranium deposits ' ' 4
“Total in New Mexico ~ ~ 348,019,000! 1948-2002 100 .
“Total in United States - .927,917,000' - 1947-2002 - - 37.5 of total U.S.

AND PRODUCTION

Interest in uranium as‘a commodlty began. -'.,
in the early 1900s, and several deposits in New

Mexico were discovered and mined for radium.
Radium was produced from the White Signal
district in Grant County (Gillerman, 1964) and
the Scholle district in Torrance, Socorro, and
Valencia Counties (McLemore, 1983). Exact
" production figures are unknown, but probably
very small.

John Wade of Sweetwater, Arizona first
discovered uranium and vanadium minerals in
the Carrizo Mountains in the northwestern San
Juan Basin about 1918 (Fig. 1; Chenoweth,
1993, 1997). At that time, the Navajo
Reservation was closed to prospecting and
mining, but on June 30, 1919, a Congressional

i MINING AND MILLING HISTORY o

(EONEU VIV 5 PEN

“‘locating mining claims in the same manner as
“préescribed - by: the Federal mining -law. The
“~"'locator- of the claim could then lease the claim
" under contract with the Office of Indian Affairs.
‘By 1920, Wade, operating as the Carriso
Uranium Co., had located 40 claims in the
eastern Carrizo Mountains, near Milepost 16.
The area remained inactive from 1927 to 1942, at
which time the Vanadium Corp. of America
(VCA) was the highest bidder on a 104 sq mi
exploration lease for.vanadium in the east
Carrizo Mountains. The lease was known as the
East Reservation Lease (no. I-149-IND-5705)
and was subsequently reduced to 12 plots or
claims. When production began, ore from the
East Reservation Lease was shipped to
Monticello, Utah, where VCA operated the mill
for the Metals Reserve Co. Uranium in the
vanadium ore was secretly recovered via a

TAct 'o"peried ‘the reservation to' prospecting and -

‘
\ ’ ‘




: - Monticello mill for the - © The U. S.-Atomic- ~
Manhattan Pro;ect ‘in" "1943-1945. The total (AEC) was created in 1947, and soon after, the =

amount of recovered uranium is estimated as VCA began exploring their- East Reservation
44,000 1bs U;Og; mostly from King Tutt Mesa Lease for uranium. This led to the first uranium
{Chenoweth, 1985b). ore shipments in March 1948. Mining ceased in

the east Carrizo Mountains; iq 1967.

Table 2. Classification of uranium deposits in New Mexico (modified from McLemore and Chenoweth,
1989; McLemore, 2001). Deposit types in bold are found in the Grants uranium district.

I.  Peneconcordant uranium deposits in sedimentary host rocks

A. " Morrison Formation (Jurassic) sandstone uranium deposits
e Primary, tabular sandstone uranium-humate deposits in the Morrison
Formation

o  Redistributed sandstone uranium deposits in the Morrison Formation
Remnant sandstone uranium deposits in the Morrison Formation
Tabular sandstone uranium-vanadium deposits in the Salt Wash and Recapture
LT Members of the Morrison Formation
B : A Other sandstone uranium deposits
~:e-_Redistributed uranium deposits in the Dakota Sandstone (Cretaceous)
"o - Roll-front sandstone uranium deposits in Cretaceous and Tertiary
. ... sandstones L : :
"~ e Sedimentary urafiium dep051ts T
e  Sedimentary-copper deposits
¢ Beach placer, thorium-rich sandstone uranium deposits
C. - Limestone uranium deposits
¢ Limestone uranium deposits in the Todilto Formatlon (J urassnc)
e ' Other limestone deposits :
D. Other sedimentary rocks with uranium deposits
. e Carbonaceous shale and lignite uramum deposnts
¢ Surficial uranium deposits IR A
- IL. Fracture-controlled uramum deposits - R L T
i "'type uranium deposnts . R S e

o ‘uranium deposits and La Bajada, low-temperature uramum-base metal vein-type -

.. ., uranium deposits) . . L .

O - Collapse-breccia pipes (including clastlc plugs)
.-e  Volcanic epithermal veins CoTT e

e Laramide veins '
III. Disseminated uranium deposits in igneous and metamorphic rocks
F. Igneous and metamorphic rocks with disseminated uranium deposits

Pegmatites ‘

Alkaline rocks ’

Granitic rocks

Carbonatites

Miscellaneous

. Copper-sxlver (uramum) veins (formerly Jeter-type, low-temperature vem—type T



: uctlon and types of deposits by district or. subdistrict in: the"San Juan’Basing: New
Mexwo.(McLe ore dand ‘Chenoweth, 1989, production from 1988-2002 estimated-by"the seniot‘author);"
“ - -Districts have’ ‘reported occurrences of uranium or thorium (>0.005% U304 or > 100 ppm Th).-Some district .
" ‘names’ have’ been changed from McLemore and Chenoweth (1989) to conform:-to McLemore ' (2001).
-+ District number refers to number on map and Table 3 in McLemore and Chenoweth (1989)..See McLemore
- (1983), McLemiore. and Chenoweth (1989, table 3), and McLemore et al. (2002) for more details and

locations of additional mmor uranium occurrences. Types of deposits defined in Table 2.

DISTRICT - - PRODUCTION GRADE " PERIOD ' OF TYPES = OF Com o
' (Ibs Us0g) (U305%) PRODUCTION DEPOSITS
Grants district :
1. Laguna >100,600,000 0.1-13 1951-1983 ACE
2. Marquez 28,000 0.1-0.2 1979-1980 A
3. Bernabe Montafio None : A
4. Ambrosia Lake - >211,200,000 0.1-05 1950-2002 AB,CE
5. Smith Lake >13,000,000 0.2 1951-1985 AC
6. Church Rock-Crownpoint  >16,400,000 0.1-0.2 1952-1986 A,B
- 7. Nose Rock None A
8. Chaco Canyon None : A
Shiprock district o
9. Carrizo Mountains 159,850 0.23 1948-1967 A -
T 10. Chuska » 333,685 0.12 1952-1982- - ~A,C,B
ooweeeee = 110 Tocito Dome None L e L - A
o 12. Toadlena None B -
-~ 7.7 7 QOther areas and districts : - T
13. Zuni Mountains None ‘B,E,F
14. Boyd prospect 74 0.05 . 1955 B .
. 15. Farmington 3 0.02 1954 B
18. Chama Canyon None T B
19. Gallina 19 0.04 1954-1956 B E
20. Eastern San Juan Basin None B
21. Mesa Portales None B
22. Dennison Bunn None _— T A
... 23.La Ventana .- 290 063 - °1954-1957- - D -
'Collms-Warm Sprmgsli_‘,"'.989 o 012 - ¢ A1957 1959" A T
. Ojito Sprmg T Néme T S FAT :
+:26. Coyote - 182 0.06 R 1954—1957~‘» By G
" 27-Nacimiento-.- None - T P “BLo
28 Jemez Sprmgs - None - B

From 1948 through
purchased all

1966, the AEC
"of the wuranium concentrate

b

p . . N - i 'S
Lothman'’s discovery in March 1955 at Ambrosia

-produced in New Mexico. During the last few
years of the AEC program (1967-1970), the AEC
allowed mill operators to sell uranium to electric
utilities. In New Mexico this amounted to over
17 million pounds of U303 (USAEC unpublished
records). The price schedules, bonuses, and other
incentives offered by the AEC created a
-prospecting boom that spread across the Four
Corners area to all parts of New Mexico.
Discoveries were made in the Chuska Mountains

near Sanostee and in the Todilto Limestone near

Grants. The announcement of Paddy Martinez’s

discovery of uranium in the Todilto Limestone at
Haystack Butte in 1950 brought uranium

Lake that created the uranium boom in that area.

These discoveries led to a significant exploration
effort in the San Juan Basin between Laguna and
Gallup and ultimately led to the development of
the Grants uranium district. Production from the
Todilto Limestone deposits began in 1950, with
a shipment of ore to the AEC ore-buying station
af Monticello, Utah. Mills were soon built and
¢perated in the San Juan Basin of New Mexico.
The Anaconda Bluewater mill was built at

_Bluewater, west of Grants in 1953 ta. process.
ores from the Jackpile mige and closed in 1982,

ARCO Coal Company (former naconda
"_completed encapsulation of ilings in 1995

(@




Management program- (formerly the Longierm

Surveillance and Maintenance, LTSM program).
The e take mill. 5. Milan
actually consisted of two mills. The southern

mill, _built in 1957, was known as the

Homestake-New Mexico Partners mill and was -

closed in 1962 (Chenoweth, 1989b; McLemore

and Chenoweth, 2003). The Homestake-Sapin
Partners, a partnership between Homestake and

Sabre Pinon Corp.. in 1957 buj er
mill north of the first facility. In 1962, United

Nuclear Corp. merged with’ Sabre Pinon Corp.,
but maintained the United Nuclear Corp nane.
United Nuclear Corp. be i r
with Homestake forming the United Nuclear-
Homestake partnership _and contmned operating

the mill. In Marc] =

Homestake - Partnership was dissolved and
Homestake __became the sole owner. The
‘Homestake mill ceased production in 1981, but

reopened in 1988 to process ore from the Section

23 miné and Chevron’s Mount Taylor mine. The

mill closed soon after and was decommissioned
and demolished in 1990 S
Corp. merged with Barrick Gold Corp.
Homestake completed reclamation of the
Homestake mill at Milan in 2004.

"Kerr-McGee Oil Industries, Inc. built the
Shiprock (Navajo) mill at Shiprock in 1954. It
processed " ore from their mines in the
Lukachukai Mountains in Arizona and non-

© Vanadium * ’Coripora‘t‘ion - of - America . (VCA)-: .
* controlled <~ minés” on" the Navajo Indian <.
" Reservation, ‘It ‘also: .processed, -ores” from thet LUt

Gallup and” Poison: Canyon areas:in the Grants

district. .The:mill. was acquired by VCA in 1963 . .

and. closed in May 1968, one year after VCA

merged into Foote-Mineral Company. The DOE -

began cleanup of the site in 1968 as part of the
Uranium Mill Tailings Radiation Control Act
(UMTRCA) of 1978. Cleanup was achieved in
1996 and the site turned over to the Legacy
Management program of the DOE for
monitoring.

Kermac Nuclear Fuels Corp., a partnership
of Kerr-McGee Oil Industries, Inc., Anderson

Development Corp.. and Pacific Uranium Mines
C i -McGee mill at Ambrosia

Lake in 1957-58. In 1983, Quivira Mining Co., a
subsidiary of Kerr-McGee Co later Rio

Algom Mining LIC, currently BHP-Billiton

became the operator. The mill began operating in
1958 and_from 1985-2002, the mill produced

only from mine waters from the Ambrosia Lake

-undérgroufid- mines. Quivira Mining Co. is no -

“"longet ‘producing uranium and the Ambrosia
_ Lake mill-and mines will be reclaimed in 2007.

- -Phillips Petroleim Co. also built a mill at

- Arnbrosia Lake in 1957-

Ann Lee, Sandstone, and Cliffside mines.

_Production began in 1958, United Nuclear Corp.

-acquired the property in 1963, when the mill .
closed. The DOE remediated the site between
1987 and 1995 as part of the UMTRCA of 1978

DOE monitors the site' as part of the Legacy
Management program.

Additional mills were built in the Laguna
and Church Rock areas and are currently being
reclaimed (McLemore and Chenoweth, 2003,
table 5)..

" Annual uranium production in New Mexico-

- increased steadily from 1948 to 1956, from 1957

to 1960, from 1965 to 1968, and from 1973 to

_ 1979...Peak- production was attained in 1978,

with a record year]y production of 9,371 tons of
U30%- that was shipped to- mills and buying
stations (McLemore, 1983; McLemore and
'Chenoweth, 1989, 2003).

All of the conventional underground and
open-pit mines in New Mexico closed by 1989
for several reasons:

e The Three Mile Island incident resulted in
finalizing a growing public perception in
the U.S. that nuclear power was dangerous
and costly, and, ‘subsequently nuclear
power plants became unpopular.

o There was an overprodiction of uranium in

" the <1970s-¢arly 1980s that led to large -
 $tocKpiles ¥ of uranium:In addition, the -
disriiantling of nuclear weapons by the U.S. - :
"and ‘Russia also increased these stockprles
T reducmg the need for mining uranium.
* ‘e At the-same time, New Mexico uranium
~deposits in production were decreasing in
grade by nearly half,

e The cost of mine and mill reclamation was
increasing in cost and was not accounted
for in original mine plans.

e Higher grade, more attractive uranium
deposits were found elsewhere in the world.

e Large coal deposits were found throughout
the U.S. that could meet the nation’s energy
needs.

Uranium was produced from 1966-2002 by
mine-water recovery from underground mines by
Quivira Mining Co., formerly Kerr McGee Corp.
The decline in the price of uranium during 1989-
2005 resulted in no uranium production (except




- freclaxmed and/or sold their- propemes However,:
'today W1th “the “récent increase in prxce and' >
" demand’ for uranium, numerous companies are-: - -\

acquiring-new. and-old. properties. and .exploring... ...

for uranium in the Grants district.” The Grants-
district i§ once ‘agdin an attractive area for:

, exploratlon
development in“the"district:” Many compames

uranium exploration, because:

¢ Major companies abandoned properties in .
the district after the last cycle leaving
advanced uranium projects.

e Current property acquisition costs are
inexpensive and include millions of dollars
worth of exploration and development
expenditures.

e Data and technical expertise on these
properties are available. -

e Recent advances " in’ in-situ leaching:"

"_'technology allow for ‘ the "Grants district

'TYPES OF URANIUM DEPOSITS
INNEW MEXICO

1--—--The-types.-of -uranium deposits in New
Mexico are summarized in Table 2, many of
which are found in the Grants district, The most
important type of deposit in terms of production
(Table 3) and resources (Table 4, 5) is sandstone.

) Formatlon (Jurassnc) R
Sandstone u_ramum deposxts account for th
,majorxty -of-the uranium production from New
. Mexico - (McLemore . and ‘Chenoweth, - 1989;
2003) Ihe most mgmﬁcan: deposits are those in”

the ~ Morrison Formation, _specifically _ the

Westwater Canyon Member, where more than

340,565,370 pounds of U0z were produced

7 "sandstorie  uranjum deposns to be
- 'economlcally attractlve o

._'uramum dep051ts in the Momson Formatlon

. Dla enetic U

from the Morrison from 1948 to 2002 (Table 2).
In contrast, production from other sandstone
uranium deposits in New Mexico amounts to
503,279 pounds of U;O (Table 2, 1952-1970;
McLemore and Chenoweth, 1989). There are
three types of deposits i

Member of the Morrison Formation: primary
(trend or tabular), redistributed (stack), and
remnant-primary sandstone uranium deposits

(Fig. 2, 3).
Primary sandstone-hosted uranium
deposits, also known as prefault, trend, blanket,

ndf-bléck-band ores, are found as blanket-like,

‘roughly parallel ore bodies along trends, mostly”
“in sandstones of the Westwater Canyon Member.
-7 These deposits are characteristically less than 8 ft
- thick, average more than 0.20% U;QOg, and have
_sharp ore-to-waste boundaries (Fig. 2). The

largest deposits in the Grants uranium district

""" contain more than 30 million 1bs of U3Os.

Redistributed sandstone-hosted uranium
deposits, ailso known as post-fault, stack,
secondary, and roll-type ores, are younger than
the primary sandstone-hosted uranium deposits.
They are discordant, asymmetrical, irregularly
shaped, characteristically more than 8 ft thick,
have diffuse ore-to-waste contacts, and cut
across sedimentary structures, The average

~ deposit contains approximately 18.8 million Ibs

U;0; with an average grade of 0.16%, Some
redistributed uranium deposits are vertically

. stacked along faults (Fig. 2, 3).

Vor ( escnptlon

Ground water movement™ © *°

Secondary oil- _ in permeable sandstone

*.front ore

Molybenite, pyrite,
calcite

enses (not
essentlal to form
roli-front deposit)

Oxidized rocks
(diagenetic hematite]
and limonite)

- Reduced sandstone
" (diagenetic pyrite; marcasite,
. calcite, organic material) , 200 100m |

7] semipermeable From Nash et al. (1981) and Devoto (1978)
2 gandstone or shale

Figure 3. Sketch of the formation of
redistributed sandstone uranium deposits. See
text for description.

(’ ‘
\




Table 4, Estlmated uranium resources for New Mexxc

... deposits in the Morrison Formation (Jurassic).. Mine id-re] ers t6 Mlﬁe 1déntif1c;at10n nufnber in McLemore
. et al. (2002). Most deposits are delineated on maps by McLernore and Chenoweth (1991) and descrlbed in -
more detail by McLemore et al. (2002).

Mine id

Mine name Latitude N Longitude Year of Quant!ty of ‘ore Grade . Comments and;Reference B
W resource™ (ponds)” W0s%) T e
estimate _ )
NMCI0019  I.J. 35.17546  107.3266 1981 = 13,900,000 ~ 0.16 close out plan pending
- approval by state
NMCI0020 La Jara Mesa 35.28014 107.7449 1983 7,133,310 03 exploration permit
approved ’
NMMK0245 Melrich (Section 32) 35.394462 107.7081 3,217,000 0.15 Laramide Resources
NMMKO0210 Treeline (Section 24)  35.343556 107.7366 ? ? Western Energy Dev.
NMCI0027 Mount Taylor 35.33498 107.6356 1982 121 ,000,000 0.25 http://www.gat.com/riogr
ande/index.html (1/9/03)
NMMKO0025 Canyon 35.65699 108.2069 1983 5,000,000 0.12 )
NMMKO0043 Dalton Pass 3567849 108.2650 1983 ~ 5,000,000 0.12
NMMKO0044 Dalton Pass 35.68130 108.2783 " 20,000,000 0.10 .
NMMKO0065 Femandez-Main Ranch 35.34861 107.6646 1970 = 8500000 0.0 Holmquist (1970) .
NMMKO087 Johnny M 3536244 1077222 1983 - 3,500,000 .  0.10. '
NMMKO0102 Mariano Lake 35.54708 108 2780. 1 - 35,000,000 0.2 24 n
NMMKO0103 Marquez Canyon 3531919 107.3243. .. _ "'10 700,000, ... .0:112.
~ NMMKO0104 Marquez Canyon 3532425 107.3300 '-««1983 6 800 000 ; ‘_0 10
-NMMKO0111 Narrow Canyon 3564484 1082984 1983 ...°. 6,900,000 - 0. 12
NMMEKOQ112 NE Church Rock No. 1~ 35.66650  108.5027 1983 - 2,868,700 0.247
NMMKO114 NE Church Rock No.2 3567663 108.5262 1979 = 15,000,000 = 0.19 Perkins (1979)
NMMKO115 NE Church Rock No. 3 35.69756. 108.5487....1983...__21,000,000.._...0.20 V
NMMKO117 NE Church Rock 35.65841 . 108.5085- 1969 = : 15,000,000 0.15 Hazlett (1969)
NMMKO128 Church Rock (Section 35.630313 108.55064 2002 6,529,000. Odell (2002), Pelizza and
8) . McCarn (2002, 2003a)
NMMKO0034 Church Rock (Sectlon 35.622209 108. 552728 2002 o 8 443 000 Odell (2002), Pelizza and
17) - o T o McCarn (2002, 20032)
2~ . NMMKO100, Mancos 35628936 108, 580547 2002 4,164,000 ... Pelizza and McCam. .
-~ : NMMKO0101 : oo R 3 Vo - (2002, 2003a) !
."NMMK0346, Crownpoint" 35.684585 :108.16769. 38,959,000 , . v...Odell (2002), Pehzza and
. NMMKO0036, ) : E McCam (2002 2003a)
. NMMKoo39 - ©© IS L :
"“NMMKO0040 Crownpoint (Unit1) - 35.706678 108. 22052—. . Pelizza  and. McCam B
- , : R ST A el '(2002 2003a)
-~ NMMKO119 Nose Rock 35.88436 107 9916* 1983 .- 9,700,000 . --:0.167 -
~NMMK0120 Nose Rock No. 1 35.83556  108.0553 ~~ 1983 125,000,000 -~ *0.10-
- NMMKO122 Nose Rock 3583036 108.0641- 1983" . 36,206,000 0.10
NMMKO0020 Borrego Pass 35.620119 107.943617 1983 15,000,000 0.15 Tom Pool (WC, 12/3/02)
NMMKO0245 Section 32 (Melrich) 35.394462 107.708055 5,000,000 0.25 Tom Pool (WC, 12/3/02)
NMMKO0338 Vanadium 3533339 107.8563 1983 25,000,000 0.10
NMMKO0340 West Largo 35.52570 1079215 1983 15,000,000 0.15
NMMKO0350 Nose Rock 35.84497 108.0501 1983 12,400,000 0.167
NMSAQ0023 Bernabe 35.22761  107.0109 1971 15,000,000 0.10 -
NMSAQ057 Marquez Grant 3530514 1072908 1981 751,000 0.09
NMCI0046  Saint Anthony 35.159088 107.306139 1982 8,000,000 0.10 close out plan pending
‘ approval
NMCI0050  San Antonio Valley 35256361 107.258444 * 3,500,000 0.10 Tom Pool (WC, 12/3/02)
NMMKO0143 Roca Honda 35.363139 107.699611 Late 3,000,000 0.19 Tom Pool (WC, 12/3/02)
1980s
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e - ‘Remnant  sandstone-hosted
deposits were preserved in sandstoneé after- the:.-,
oxidizing waters that formed redistributed. . .
deposits ~ were:

sandstone-hosted  uranium

‘be oxidized by the oxidizing ground waters.
These deposits are similar to primary sandstone-
hosted uranium deposits, but are difficult to

locate because they occur sporadically within the -

oxidized sandstone. The _average size is-
approximately 2.7 million lbs U;Os at a grade of

0.20%,

There is no consensus on details -of the - -

origin of the Morrison primary sandstone
uranium deposits (Sanford, 1992). The source of
the uranium and vanadium is not well
constrained, It could be derived from alteration

of volcanic detritus and shales within . the.,

Morrison Formation (Thamm et al, 198_1;'

Adams and Saucier, 1981) or from ground water "
" derived from a volcanic highland. to the &
‘southwest. The majority of the proposed models Lo E
_for their formation suggest that” deposition "

occurred at a ground water interface between two
fluids of different chemical compositions and/or ~
oxidation-reduction states. Deposition -involving--
two fluids was proposed many years ago during

. the early stages of exploration and production. of
uranium (Fischer, 1947; Shawe, 1956).

) humate and brine-interface- models have reﬁned

) »or mcorporated ‘portions .of these early theones

v_In ‘the’ lacustriné-humate . model, sground.,

"~ was expelled by compaction, from B
..muds formed by a large playa lake into, the

underlying fluvial sandstones where humate or.

result of flocculation into tabular bodies. During’
or after precipitation of the humate bodies,

uranium was precipitated from ground water
(Turner-Peterson, 1985; Fishman and Turner-
Peterson, 1986). This model proposes the humate
bodies were formed prior to uranjium deposition.

In the brine-interface model, uranium and
humate were deposited during diagenesis by
reduction at the interface of meteoric fresh water
and ground water brines (Granger and Santos,
1986). In another variation of the brine-interface
model, ground water flow is driven by gravity,
not compaction. Ground water flowed down dip
and discharged in the vicinity of the uranium
deposits. Uranium precipitated in the presence of
humates at a gravitationally stable interface
between relatively dilute, shallow meteoric water

uranium deposits had passed. Some remnant;;_.,:j

Subsequent models, such as the lacustrme-.._. ._‘
... surrounding. * the'. “primary"”
' grmpermeable and the ox1dlzmg waters could not ..
dissolve. the.deposit, remnant:

secondary organic material precipitated::as- a..,

-uranium------—--and.--saline .brines..that.. mrgrated up _ dip. from
s deeper in the. “basin (Sanford; - 1982, 1992).
'-,fModelrng of the regional ground water flow in
the, Colorado Plateau during"Late’ Jurassrc and
~ Early Cretaceous times supports the brine-’

preserved because they were surrounded by.or . .. interface. model (Sanford, 1982).- *The ground-

found in less permeable sandstone and could not

water flow was impeded by up-thrown blocks of

. Precambrian crust and forced upwards. . These

zones of upwelling are closely associated with

. uranium-vanadium deposits throughout the
Colorado Plateau (Sanford, 1982).

~ In the Grants district, the bleaching of the
Morrison sandstones and the geometry of tabular
uranium-vanadium bodies floating in sandstone
beds supports the reaction of two chemically
different waters, most likely a dilute meteoric
water and saline brine from deeper in the basin.
The intimate association of uranium-vanadium

_-.-minerals with organic material, further indicates
- that they were deposited at the same time,

Cementanon and replacement of feldspar and
quartz grams with uranium-vanadium minerals

) ..are consistent with deposrtlon durmg early

d1agenes1s

Durmg the Tertrary, after formation of the
primary sandstone uranium deposits, oxidizing
ground waters migrated through the uranium
deposits -and remobilized some of the primary
sandstone uranium deposits (Saucier, 1981).
Uranium was reprecipitated ahead of the
oxidizing waters forming redistributed sandstone
uranium dep051ts Where the sandstone - host
" deposits ~ was

ium ~posrts remain (Fig '
" Sandstone uranium depOSltS occur in other

" formations . in New_. MéXico, -but” were
,;1ns1gn1ficant compared. to- the Morrrson*deposrts :
~(McLeiore and Chenoweth -1989); some
".companies .are once again explormg in these
_ units. Uranium reserves and resources remain in

the Grants uranium district that could be mined
in the future by conventional underground
techniques and by in-situ leaching technologies
(Table 6; Holen and Hatchell, 1986, McLemore
and Chenoweth, 1991, 2003).

primar sandstone;?. .




' Table
. Administration, 2006)

“5.7Uranium - reserves:’by.

forward cost’ category ‘by state as- of 2003 (Energyv%;lnformatlon::
'he. DOE clas51ﬁes uranium reserves into forward cost categories of $30 -and $50 . : -
" per pound. Forward costs’are operating and capital costs (in current dollars) that are still- to be incurred to
. produce uranjum from estimated reserves. Modern regulatory costs yet to be incurred would have to be

.added.- S
STATE $30 per pound $50 per pound
S " ORE (million" "GRADE (% U304 (million ORE (million GRADE - (% U303 (million
, tons) U;05) pounds) ‘tons) U;0p) pounds)
New Mexico 15 0.28 84 102 0.167 341
Wyoming 41 = 0.129 106 238 : 0.076 363
Arizona, 8 . 0.281 45 . 45 0.138 : 123
Colorado, '
Utah
Texas 4 0.077 6 18 0.063 23
Other 6 0.199 24 21 0.094 40
Total 74 - . 0178 265

Tabular sandstone.  uranium-vanadium
deposits in the Salt- Wash and Recapture
Members :

.. Tabular - sandstone uramum vanadxum

-deposits in the Salt Wash and "Recapture

Members of the Morrison Formation are

- restricted to the east Camzo (mcludmg the King

Tutt Mesa area) and Chuska Mountains

- subdistricts of the Shiprock district, western San

Juan Basin, where production totals 493,510

" pounds of U;Oz (Table 2). The Salt Wash
Member is the basal member of the Morrison °

Formation and is overlain by the Brushy Basin
Member (Anderson -and - Lucas, 1992, 1995;
McLemore and , Chenoweth, 1997). It

‘ unconformably overlies ‘the Bluff-Summerville

Formation, -~ using:.~.-oldet ;- stratlgraphlc

"'nomenclature (Anderson and” ‘Lucas, "1992), or.
thie Wanakah.Formation as proposed by Condon

and Peterson (1986)..The Salt Wash Member

...consists of 190-220 .ft-of--interbedded fluvial
" sandstones and  fldodplain~ mudstones, shales,
- and siltstones. The mudstone - and siltstone

comprise approximately 5-45% of the total

-thickness of the unit (Masters et al.,, 1955;

Chenoweth, 1993).

The tabular uranium deposits are generally
elongated parallel to paleostream channels and
are associated with carbonized fossil plant
material. A cluster of small ore bodies along a
trend could contain as much as 4000 tons of ore
averaging 0.23% U0z (Hilpert, 1969;
Chenoweth and Learned, 1984; McLemore and
Chenoweth, 1989, 1997). They tend to form
subhorizontal clusters that are elongated and
blanket-like. Ore bodies in the King Tutt Mesa
area are small and irregular and only a few ore
bodies have yielded more than 1000 lbs of U;0s.
A typical ore body in the King Tutt Mesa area is

424 0.105 890

150-200 ft long, 50-75 ft wide, and
approximately 5 ft thick (McLemore and
Chenoweth, 1989, 1997). -The deposits are
typically concordant -to - bedding, - although
discordant lenses of uranium-vanadium minerals

cross-cut beddlng planes. locally The ore bodies -

typically float in the sandstone; locally, they

“occur at the interface between sandstone and less

permeable shale or siltstone. However, unlike
uranium deposits in the Grants district, the
deposits at King Tutt Mesa- are “high in
vanadium. The U:V ratio- averages 1:10 and
ranges 1:1 to 1:16.

The deposits are largely black to red,
oxidized, and consist of tyuyamunite, meta-
tyuyamunite, uramum/orgamc compounds, and a
variety “of vanadium:'‘ miinérals, - - including

- vanadium ‘clay (Corey; 1958).~ Uranium and '+

vanadium minerals are intimately-associated. with
detrital organic materidl, ~such "as " leaves,

branches, limbs, and trunks, derlved from

adjacent sandbar, swamp, and’ fake dep051ts and
humates. Small, high-grade ore- pods (30.5%
U;0g) were associated with fossil wood. The
uranium-vanadium minerals form the matrix of
the mineralized sandstones and locally replace
detrital quartz and feldspar grains. Mineralized
beds are associated with coarser-grained
sandstone, are above calcite-cemented sandstone
or mudstone-siltstone beds, are associated locally
with mudstone galls, and are near green to gray
mudstone . lenses. Limonite is commonly
associated with the ore bodies (Masters et al.,
1955). Field and petrographic data suggests that
the uranium-vanadium deposits formed shortly
after deposition of the host sediments (Hilpert,
1969).

Modeling of the regional ground-water
flow in the Colorado Plateau during Late




“brine-inte :
" regional. ground-water flow was to the northeast

“‘with fractures, - joints,
: underlymg -permeable sandstone of the Brushy
’ “Basm of Westiwater ‘Canyon Members.

odél and indicates that the

in the King Tutt Mesa area (Sanford, 1982). In
the King Tutt' Mesa area, the bleaching of the
sandstones. and’ the geometry of tabular uranium-
vanadium bodies floating in sandstone beds
supports the reaction of two chemically different
waters, most likely a dilute meteoric water and
saline brine from deeper in the basin (McLemore
and Chenoweth, 1997). The intimate association
of uranium-vanadium minerals with organic
material, further indicates that they were
deposited at the same time.

Other sandstone uranium deposits
Redistributed uranium deposits in the Dakota
Sandstone (Cretaceous)

A total of 501,169 pounds of U;Oj has been

. produced from redistributed uranium deposits in

the Dakota Sandstone in the southern part of the
San Juan Basin (Table 2; Chenoweth, 1989a).
These deposits are similar to redistributed

- uranium deposits in the Morrison . Formation-and-

are found near primary and redistributed deposits

in the Morrison Formation. Deposits in the -

Dakota Sandstone are typically tabular masses

*~ that'range-in size from thin pods a few feet long

and wide to masses as much as 2500 ft long and

1000 ft wide. The larger deposits are only a few
feet thick, but a few are as much as 25 ft thick ..
. (Hilpert, 1969). Ore grades ranged from.0.12 to
: 0 30% U308 and averaged 0:21% U;0g. Uranium
“is found with’ carbonaceous plant-material near-or - -
at - the-- base"" *of 7 channel sandstones --or - in -,

carbonaceous~shale and lignite and -is associated
or faults and with

"'~ The largest deposits in the Dakota

 Sandstoné “are found in the Old Church Rock

mine in the Church Rock subdistrict of the
Grants district, where uranium is associated with
a major northeast-trending fault. More than
188,000 Tbs of U;03 have been produced from
the Dakota Sandstone in the Old Church Rock
mine (Chenoweth, 1989a).

Roll-front sandstone uranium deposits
Roll-front sandstone uranium deposits are
found in Tesuque Formation (San Jose) and Ojo
Alamo Sandstone (Farmington, Mesa Portales)
areas of the San Juan Basin, where production
totals 60 pounds of U;Og (Table 2; McLemore
and Chenoweth, 1989). Roll-front uranium
deposxts typically are found in permeable fluvial

10

channel -sandstones--ian
carbonaceous materials
shale interfaces,. and. pyrlte at. an oxidation-
reduction 1nterface (Nash et al.,. 1981). Although
only a few minor- and unverified uranium
occurrences have been reported at Mesa Portales
(McLemore, 1983), radiometric anomalies are
detected- by water,-stream-sediment, and aerial-
radiometric studies (Green et al., 1980a, b). Past
drilling at Mesa Portales indicated that low-grade
uranium is found in blanket-like bodies in
several horizons. The lack of a clear
mineralization pattern suggests that these
deposits are modified roll-type or remnant ore
bodies (Green et al., 1980a, b).

Sedimentary sandstone uranium deposits
Sedimentary sandstone uranium deposits
are . stratabound. deposits associated  with
syngenic organic. material or iron oxides, or both, -
such as at the Boyd deposu near Farmington and
in the Chinle Formation throughout ‘northern
New Mexico. .Uranium. contents vary, but
average grades of shipments from. these deposits
rarely exceeded 0. 1% 'U;04. These deposits tend

" to be small, containing only a few tons of ore,

and the potential for future production is low.

B LT R SN U O

Sedlmentary-copper depos:ts

Stratabound,- sedimentary-copper . deposits

-containing Cu, Ag, and locally Au, Pb, Zn, U, V,

and Mo .are found tlnbughout New ' Mexico.

..+ .. These deposits also have. been called: "red-bed". -
Sl & i
- workers:(Soulé, 1956':~Ph11hps ::1960; .Cox--and -,

. Singer; 1986). They:itypically.-occur. in: bléached: :.

"sandstone™ .copper. .deposits .- by.-previous

gray, pink;- green, Or: ‘tan"sandstones, siltstones,

shales, and. limestones . w1th1n or margmal to . .
typical. thick red-bed:sequences:of .red; brown,. - ..

purple, or yellow sedimentary rocks: deposited in-
fluvial, deltaic or-marginal-marine énvironments
of Pennsylvanian, Permian, or Triassic age
(Coyote, Gallina). The majority of sedimentary-
copper deposits in New Mexico are found at or
near the base of these sediments; some deposits
such as those in the Zuni Mountains and
Nacimiento districts (Fig. 4), are in sedimentary
rocks that unconformably overlie mineralized
Proterozoic granitic rocks. The mineralized
bodies typically form as lenses or blankets of
disseminated and/or fracture coatings of copper
minerals, predominantly chalcopyrite, chalcocite,
malachite, and azurite with minor to trace
uranium minerals. Copper and uranium minerals
in these sedimentary-copper deposits are

iare’: associated. iwith7 v
Iay galls “sandstoné--+ -
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Figure 6. Control of Todilto uranium dep.osi-ts by
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- Véiﬁ:t&'ﬁe_hra}iiﬁm deposits

Collapse-breccia pipe and clastic plug deposits

-were~mined+-in~ northern Arizona for uranium

beginning in 1951 and continuing into the1980s;
average production grades of 0.5-0.7% U;Og
were common. Similar deposits are fo in_the
Grants uranium district. Uraniferous collapse-
breccia pipes are vertical or steeply dipping
cylindrical features bounded by ring fractures

and faults and filled with a heterogeneous

intraformational folds and fractures -(modified -

from Finch and McLemore, 1989). ;... .

P S

~ More__than_ 100 _yraniu o _mines and

" occurrences are found in the. Todilt_o Limestone -~

. in New Mexico; 42 mi

uranium _ production  (McLemore, 1983;

McLémore and Chenoweth, 1989; McLemore et

al,, 2002). Mo

uranium district, although minor occurrences are’

found in the Chama -Basin (Abiquiu,. Box
Canyon), Nacimiento district, and Sanostee in
the Chuska subdistrict of the Shiprock district.

*-Minor, mineralization' extends into the underlying
‘overlying “Summerville = - -

""Entrada -Sandsto
~ Formation ‘in sOmeé "ar
- the ‘Todilto™"Lif f

- anhydrite beds aré‘absent (Hilpert, 196

s. “Uranium is,

“Other 'sédiméh_l;ftia_rxg_j rocks - with "~ dranitmi :

deposits . S )

Carbonaceous shale - and - lignite~ uranium

deposits B
_Some uranium has been produced from

shale and lignite in the Dakota Sandstone in the

Grants uranium district. Concentrations as high
as 0.62% U;Og are found in coal, whereas the
coal ash has uranium concentrations as high as
1.34% U;0z (Bachman et al., 1959; Vine et al.,
1953). Mineralized zones are thin and range in
thickness from a few inches to 1.5 ft. Most of
these occurrences are isolated, small, and low
grade, and do not have any significant uranium
potential. -
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- - producer - from

mixture of brecciated country rocks containing

uranium minerals. The pipes were probably
formed by - solution collapse of underlying
limestone or evaporites (Hilpert and Moench,
1960; McLemore, 1983; Wenrich, 1985).

- More than 600 breccia-pipes are found in
the Ambrosia and Laguna subdistricts, but only a
few are uranium bearing (Hilpert, 1969; Nash,
1968; Moench, 1962). Pipe structures in the™
Cliffside (Clark and Havenstrite, 1963), Doris
(Granger and Santos, 1963), “and Jackpile-
Paguate mines (Hilpert and Moench, 1960) have
yielded ore as part of mining adjacent sandstone :

. deposits; .the exact tonnage attributed to these

_breccia-pipes is not kmown. Very little
brecciation has occurred at the Cliffside and
Doris pipes, however, these pipes appear to be
related to other breccia pipes in the area. The

-~Woodrow deposit “ is the largest uranium
reccia-pipe_in. New Mexico:. .:

: d is:24 to 34-ft in diameter -
300 ~ft ‘high. -In- Arizona, the

" mineralized! Orphan Lode breccia-pipe is 150 to’
" 500 ft "in diameter ‘and at ‘least 1500 ft long
. (Gornitz'and Kérr, 1970). More than 134,000 lbs .
.. of U30g at @ grade of'1.26% U;0; was produced

from.the Woodrow deposit. However, the New
Mexico uraniferous collapse-breccia pipes are
uncommon and much smaller in both size and
grade than the Arizona uraniferous collapse-
breccia pipes. Future mining potential of New
Mexico breccia pipes is minimal.

Surficial uranium deposits .

" Ground-water anomalies and locally remote
sensing data suggest that surficial or calcrete
uranium deposits may exist in the Lordsburg
Mesa area in southwestern New Mexico (Carlisle
et al., 1978; Raines et al., 1985) and in the
Ogalalla Formation in eastern New Mexico
(Otton, 1984). However, mineralized zones high
in uranium have not been found in these areas.
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‘Beach placer, thorium-rich sandstone uranium
deposus

) ‘Heavy ~minéral,

) Ldeposus are concentrations of heavy minerals
“that formed on beaches or in longshore bars in a -
X margmal marine environment (Fig. 5; Houston

‘contam hlgh concentratlons

¢ sandstones and typlcally consxst
£ agnetlte 1lmerute monazite,
e, among others. These
. deposxts in New Mex:co are found in Cretaceous
rocks, ‘mostly in the San Juan Basin and are
small (<3 ft thick), low tonnage, and low grade.
They rarely exceed for more than several
hundred féet in length, are only tens of feet wide,
and 3-5 ft thick. However, collectively, the
known deposits in the San Juan Basin contain
4,741,200 tons of ore containing 12.8% TiO,,
2.1% Zr, 15.5% Fe and less than 0.10% ThO,
(Dow and Batty, 1961). The small size and
difficulty in recovering economic minerals will
continue to discourage development of these
deposits in the future.

beach-placer - saridstone "

LOWER
FORESHORE

1

MARINE
BASIN

BACK
BEACH

 SWAM UPPER
. SWAMP | DUNES FORESHORE

black sand
concentrations

Figure 5. Idealized cross-section of formation of
beach placer sandstone deposits (Houston and
Murphy, 1970).

Limestone uranium deposits in the Todilto
Formation (Jurassic)
_Uranium is found only in a few limestones

> in the world, but the deposits in the Jurassic
- Todilto Limestone are some of the largest and
.. most. productive (Chenoweth, 1985a; Gabelman ..

" and.Boyer,. 1988). Uranium minerals were found

in the Todilto Limestone in the early 1920s,

_although it was Paddy Martinez’s discovery in

1950 that resulted in-development of the Grants
district. From 1950 through 1981, mines in the

Grants..district yielded 6,671,798 lbs of U,04

from the Todilto Limestone, amounting to
approximately 2% of the total uranium produced -

:suoh as orgamc materlal However, a set of.
‘unusual geologncal circumstances allowed: the
Aformauon of uranium deposits in the Todilto
. 1mestone .The organic-rich limestones were. .-

from the Grants district (Table 2; Chenoweth,

and Murphy, 1970, 1977). Many beach-placer .~ 1983% Mclemore and Chenoweth, 1989, 1991)

> . Limestone is tj_'pically_an_unfavorable host; .

- .deposited in a sabkha environment on top of the

11

petmeable Entrada Sandstone. The overlying

sand dunes of the Summerville or Wanakah
Formation locally deformed the Todilto muds,
producing the intraformational folds in the
limestone. Uraniferous waters derived from a
highland to the southwest migrated through the
Entrada Sandstone. Ground water migrated into
the Todilto Limestone by evapotranspiration or
evaporative pumping. Uranium -precipitated in
the presence of organic material within the
intraformational folds and associated fractures in
the limestone (Fig. 6; Rawson, 1981; Finch and
McLemore; 1989). The Todilto uranium deposits
are 150-155 Ma, based on U-Pb isotopic dating,
and are older than the 130 Ma Morrison
sandstone uranium deposits (Berglof, 1989).
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“Uranium minerals, typically carnotite, are found

-~ etal,, 1981),

FUTURE POTENTIAL

New Mexico ranks 2™ in uranium reserves
in the U.S. (behind Wyoming), which amounts to
15 million tons ore at 0.28% U;0;g (84 million
lbs Us03) at a forward cost of $30/1b and 238
million tons of ore at 0.076% U;QOg at a forward
cost of $50/1b (Table 6, 7). The DOE classifies
uranium reserves into forward cost categories of

- $30 and $50 U,04 per pound. Forward costs are
_ operating and capital costs (in current dollars)
* 'that are still to be incurred to produce uranium
from estimated reserves. All of New Mexico’s

: ‘~uranium reserves in 2006 are in the Morrison.
" - Formation in the San Juan Basin (Table 7);:
~"“although uranium,_ exploration

elsewhere in' New Mexico.

Only one company in New Mexico, Quivira.. . : ¢,
- - " ‘numefous propertiés -

Mining Co. (successor to Kerr McGee Corp.,
owned now by BHP-Billiton Plc.), produced
uranium -in 1989-2002, from waters recovered
inactive - underground’

~the Ambrosia Lake mill. and mines will be
reclaimed in 2007. Any conventional mining of
uranium in New Mexico will require:a new.mill -

fesd mill in'Blanding, Utah. % - - d
-+ "Rio Grande Resources Co is mamtammg

‘underground mine in Cibola County, -where "

estimated as 121 million pounds U304 at 0.25%
U;04, which includes 7.5 million pounds of
U;0g at 0.50% U;Og. Depths to ore average
3,300 ft.

The La Jara Mesa uranium deposit in
Cibola County was originally owned by
Homestake Mining Co and in 1997 was
transferred to Anaconda and subsequently to
Laramide Resources Ltd. This primary
sandstone-hosted uranium deposit, discovered in
the Morrison Formation in the late 1980s,
contains approximately 8 million pounds of ore
averaging 0.25% U;O; (Table 6). It is above the
water table and is not suited to current in situ
leaching technologies. New Mexico Mining and
Minerals Division has approved an exploration

in voids and fractures within lenticular deposits . -
E ;__of alluvium, soil, or detritus that have been
i~ cemented by carbonate forming calcretes (Nash

is occurring -

operations -:at.: -
Ambrosia Lake (mine-water recovery). Quivira.. . -
.- Mining Co. is no longer producing uranium and

r thé ‘ore would have to be shrpped to the Whrte

i} 'tlle closed facilities at the flooded Mt. Taylor .

“primary sandstone-hosted uranium deposits 'were:r_
* 'mined as late as 1989 (Table 6). Reserves are "

4 .permlt for. 'Laramrde_ Resource_s and:a:permit is ;
nergy-Corp., who- alsoowns> .

on, Jara Mesa to Laramrde

" Melrrch deposrt (Table 6). Lakeview Ventures

-also acquired - adjacent propemes (press release
‘ 'Aprrl 19, 2006). '

- Hydro. . Resources, Inc. (subsidiary .of-.
Uramum Resources Inc.) is wartmg for final
permit approvals and an increase in the price of
uranium before mining  uranium by in-situ

‘leaching at Church- Rock and Crownpoint.

Production costs are estimated as $13.54 per

‘pound of U;0g (Pelizza and McCarn, 2002, 2003
-a, b). Reserves at Church Rock (Section 8, 17)

and Mancos mines are estimated as 19 million

" pounds of U;Og (Table 6; Pelizza and McCarn,
- 2002, 2003 _a,
_ estimates production costs at Crownpoint to be

b). Hydro Resources, Inc.

. $11.46-12.71 per pound U;Of (Pelizza and -
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. Treeline project,

=¥ McCarn, 2002, 2003 a, b). Hydro Resources, Inc. -
-also owns the Santa Fe Railroad propertres inthe .
. Ambrosia Lake subdistrict.

- StIathmore Mmerals Corp has acqurred
‘in the Grants district,
including Roca Honda (33,300,000 pounds

-~ U304), Church Rock (15,300,000 pounds UsOg;
, - Fitch, 2005),. and.Nose Rock. Strathmore hopes - ...

to .mine uranium by both in situ leaching and

. conventional mining and milling. An exploration

permit is pending for the Roca Honda deposit.
Quincy Energy. Corp. merged with- Energy
in:;"July 2006,

’f?;U3Og and-. sectlons 219"

nd. 29 contar

. An exploration . permit was approved by
New Mexico Mining and Minerals Division for
Western Energy Development to drill at the
Ambrosia Lake subdistrict,
McKinley County. An exploration permit is
pending for Urex to explore for uranium on their
properties in the Grants district.

Max Resources Corp. has filed for drilling
permits for the C de Baca property in the Riley
area, Socorro County, where Occidental
Minerals in 1981-1982 identified 1.67 million
tons of U;Og grading 0.18% U305, found in
sandstones of theé Cretaceous Crevasse Canyon
and Tertiary Baca Formations (press release June
8, 2006).

] aramlde Resources also ‘controls the -nearby-.

“and acquired - .
~propetties__ m ,_Crownpomt Asection 24 -contains .. .. ..

million pounds of. U3Og, -
Myers, : 2006a -b)- and . Hosta Butte (14.822: .-
-million pounds of U;0g; Myers, 2006c) Quincy. .
-Energy. Corp;is:examining the.uranium:resource. .- ..
.~ -potential in northeastern New Mexico. : .
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SUMMARY

Sandstone uranium deposits .
Mexico have played a major role in historical

uranium production. Although other types of

uranium deposits in the world are higher in grade
and larger in tonnage, the Grants uranium district
could soon become a significant source of
uranium:
® As in situ leaching technologies improve,
decreasing production costs.

e As demand for uranium increases world-
wide, increasing the price of uranium.
However, several challenges need to be
overcome by the companies before uranium
could be produced. once again from the Grants

uranium district:

o There are no conventional mills remaining
in New Mexico to process the ore, which
adds to the cost of producing uranium in- .
the state. New infrastructure will.need to be
~ built before conventional mmlng can
resume.

e Permitting for new in situ’ leachrng and
especially for conventional mines and mills
will possibly take years to complete.

[

e Closure plans, including reclamation must _

‘be developed before mining or leaching

the cost of producing uranium in the U.S.
¢ Some- communities, especially the Navajo
Nation*.. cornmunities, - do not
o development of ..uranium ; properties -as
. favorable..The Navajo Natron has. decl
. that_no uranium productron w11A, OCCUr -0n
Navajo lands. : .

" » High-grade, low-cost uranium deposrts In
Canada and Australia are sufficient to;meef
current  international  demands; . bu

additional resources will be required to- :

meet near-term future requirements.

ACKNOWLEDGMENTS

Figure 1 was drafted by the NMBGMR
Cartography Department. This paper is part of
ongoing research of mineral resources in New
Mexico and adjacent areas at NMBGMR, Peter
Scholle, Director and State Geologist. John
DeJoia, Dave Fitch, Clyde Yancey, Bill
Brancard, Susan Lukas, and Bill Chenoweth
reviewed an earlier version of this manuscript.

begins. Modern regulatory costs will add to

. view:

14

in New- .

ABerglof W. R,

REFERENCES

. .Adams, S. S. and Saucier, A.. E., 1981,
- Geology and

recognition criteria - for
uraniferous humate  deposits, Grants
uranium region, New Mexico—final report:
U. S. Department of Energy, Open-file
report GIBX-2(81), 225 p.

Anderson, O. J. and Lucas, S. G., 1992,
The Middle Jurassic = Summerville
Formation, northern New Mexico: New
Mexico Geology, v. 14, p. 79-92.
Anderson, O. J. and Lucas, S. G., 1995,
Base of the Morrison Formation, Jurassic,
of northwestern New Mexico and adjacent
areas: New Mexico Geology, v. 17, p. 44-
53. ...

. - Bachman, G. O., Vine, J. D., Read, C:'B.,
- and. Moore, G. W., 1959, Uranium-bearing

coal and carbonaceous shale in La Ventana

"'Mesa area, Sandoval County, New Mexico;

in Uranium in coal in the western United

-States: U.S. Geol. Survey, Bulletin 1055-J,

12 p.

1989, Isotopic ages of
uranium deposrts in the Todilto Limestone,”
Grants district, and their relationship to the
ages of other Colorado plateau deposits:

gypcretes fin southwestern Umted States

. “~.and their -uranium favorablhty based on a
""}s_tudy of deposrts in ‘western’ Australla and

outhwest " Africa (N ambla)

i&fDepamnent of Energy, Report GJBX-29-
78,274 p.

Chenoweth, W. L., 1985a, Historical
review of uranium production from the
Todilto Limestone, Cibola and McKinley
Counties, New Mexico: New Mexico
Geology, v. 7, p. 80-83.

Chenoweth, W. L., 1985b, Raw materials
activities of the Manhattan Project in New
Mexico: New Mexico Bureau of Mines and
Mineral Resources, Open-file Report OF-
241,12 p.

Chenoweth, W. L., 1989a, Geology and
production history of uranium deposits in

the Dakota Sandstone, McKinley County,

- New :'Mexico Geological Society,
Guldebook43 p- 351-358. . o D e
- Carlisle, AD.‘ Merifield, P M, Orme,'l} R, L

(@



11,

12.

- 15

16.

17.

18.

" Chenoweth, W. L.,
. leasing and production hrstor.y of the King

13.

_Stratigraphy of Middle and Upper Jurassnc .
“rocks- of the San; Juan Basm; Hlstorlcal -
» perspective;. current;‘ .

p.21-29.

‘rCh,enoweth W L 1989b Homestake mrll |
complex in Lorenz;.J. C and Lucas, S. G,
- eds.,

Energy frontiers in. the .Rockies:
-Albuquerque Geologlcal Socrety, p 24-25.
1993, "The " geology,

Tutt Point uranium-vanadium mines, San
Juan County, New Mexico: New Mexico
Bureau of Mines and Mineral Resources,

Open-file Report OF-394, 21 p.. . 21.

Chenoweth, W. L., 1997, A summary of
uranium-vanadium mining in the Carrizo
Mountains, Arizona and New Mexico,
1920-1967: New Mexico Geological
Society, Guidebook 48, p. 267-268.

. Chenoweth, W. L. and- Learned, E. A.,
. - 1984, Historical

. vanadium production in the eastern Carrizo
.Mountains, San Juan County, New Mexico

review of - uranium-

and Apache County, Arizona: New Mexico

"Bureau of Mines and Mineral Resources,
.Open file Report 193,21 p. . ...-
Clark, D. S., and Havenstrite, S. R 1963 L. 23,

Geology and ore deposits of the Chffsrde
mine, Ambrosia Lake area; in V. C. Kelley,

....compiler Geology -and technology .of the _
‘Grants uranium region:

New Mexico.
Bureau Mines Mineral Resources Memorr
15, p. 108-116.

Condon, S. M. and Peterson, 1986

problems,« in. Turn
Santos; E.' S., "and Frshman

'S edrtors

~..A- basin analysis. case study' The Morrison .
«» Formation;- Grants. Uramum -Region, New
«~Mexico:

‘American: Assocxatlon of .
Petroleum Geologrsts Studies in Geology
No. 22, p. 7-26.

Corey, A. S. 1958, Petrology of the

uranium-vanadium ores of the Nelson Point 27.

No. 1 mine, San Juan County, New
Mexico: U. S. Atomic Energy Commission,
Report RME-122, 30 p.

Cox, D. P, and Singer, D. A., eds.,
Mineral deposit models: U.S. Geological
Survey, Bulletin 1693, 379 p.

Dow, V. T. and Batty, J. V., 1961,
Reconnaissance of titaniferous sandstone
deposits of Utah, Wyoming, New Mexico,

and Colorado: U.S. Bureau of Mines, 29.

Report of Investigations 5860, 52 p.

15

New: Mexrco New~Mex1co Geology, vol. - 19.

- 20.

22

26.

1986, 28.

Energy Information -Administration;:2001, -

(accessed

http://www.eia. doe gov/
January 2, 2003). :
Energy Information Admrmstratron 2006 .

"'U.S. Energy Reserves by state: Department

of  Energy, Energy Information -
Administration (on'. the. web_ at
http://www.eia.doe.gov/cneaf/nuclear/page/
reserves/uresst.html; accessed November
28, 2006).

Finch, W. 1. and McLemore, V. T., 1989,
Uranium geology and resources of the San
Juan Basin; in Coal, uranium, and oil and
gas in Mesozoic rocks of the San. Juan

" Basin: Anatomy of a giant energy-rich

basin: 28" International Geological
Congress, Field Trip Guidebook T120, p.
27-32. _
Fischer, R. P., 1947, Deposrts of vanadrum- :
bearing sandstone; in Vanderwilt, J. W.,.

ed., Mineral Resources. of Colorado: State _ B

of Colorado Mineral Resources vBoard p-
. 451-456. .

Fishman, N. S. and Turner-Peterson C E
1986, Cation scavenging: An alternative to
a brine for. humic: acid precipitation in. a

_tabular uranium ore; in Dean, W.-A. (ed.),
Organics and ore deposits: Proceedings of -

the Denver Region Exploration Geologists .
Society Symposium, p. 197-204.

. Fitch, D., 2005, Technical report of the:

“Strathmore Church Rock uranium property,

Ore Geology Revxews V. 3vp' 41:276:
Gillérman, E., 1964, Mineral: deposrts -of»
western-Grant County, New Mexico: New
Mexico Bureau of Mines and. Mineral
Resources, Bulletin 83, 213 p.

Gornitz, V., and Kerr, P. F., 1970, Uranium
mineralization and alteration, Orphan mine,
Grand Canyon, Arizona: Economic
Geology, V. 65, p. 751-768.

Granger, H. C., and Santos, E. S., 1963, An
ore-bearing cylindrical collapse structure in
the Ambrosia Lake uranium district, New
Mexico, in Short papers in geology: U.S.
Geological Survey, Professional Paper,
475-C, p. 156-161.

Granger, H. C., and Santos, E. S., 1986,
Geology and ore deposits of the Section 23
mine, Ambrosia Lake district, New



http://www.eia.doe.gov/
http://www.eia.doe.gov/cneaf/nuclear/page/

30:

31.

32.

.. analysis  case

Mex1co, i Turner-Peterson
“E. S., and’ Fishman, N :éds.,” A basin
study: The. . Morrison
Formation, Grants uranium region, New
Mexico:  American = Association  of
Petroleum Geologists,. Studies in Geology
22, p. 185-210. h

Green; M. W., and others, 1980a, Uranium
resource evaluation, Aztec NTMS 1- by 2-
degree quadrangle, New Mexico and
Colorado: U.S. Department of Energy,
Report PGJ/F-012(82), 79 p.

Green, M. W., and others, 1980b, Uranium

- resource evaluation, Albuquerque NTMS 1-

by 2-degree quadrangle, New Mexico: U.S.
Department of Energy, Report PGI/F-
016(82), 79 p.

Hazlett, G. W., 1969, Northeast
Churchrock mine—New Mexico’s newest
uranium -deposit (abstr.): " New Mexico

Geological Socnety Guldebook 20, p. 215-

ST 216.

34.

36
37,

38.

39.

T 33.

5. Holen, H. K., and Hatchell w. 0., 1
Geo ‘glcal characterlzatlon of New Mex1co S

Hilpert,-L.-S., 1969,:Uramum resources of
- -northwestern New Mexico: U. S.

Geological Survey, Professional Paper 603,
166 p.

Hilpert, L. S. and Moench, R. H., 1960,

" Uranium deposits of the southern part of .

the -San. Juan Basin, New Mexico:
Economic Geology, v. 55, no. 3, p. 429-
464,

1986,

' 'mmeral belt, New: Méx1co U S. Atomlc

Energy Comrmssmn Report RME-172,
122 p.

Houston R. S. and Murphy, 1. F, 1970,
Fossil beach placers in sandstones of Late
Cretaceous age in Wyoming and other
Rocky Mountain  states: Wyoming
Geological Association, Guidebook 22, p.
241-249. .

Houston, R. S. and Murphy, J. F., 1977,
Depositional  environment of Upper
Cretaceous black sandstones of the western
interior:  U.S.  Geological  Survey,
Professional Paper 994-A p. A1-A29.
Masters, J. A., Hatfield, K. G., Clinton, N.
J., Dickson, R. E., Maise, C. R, and
Roberts, L., 1955, Geologic studies and

,<C E.;-Sanfos, i

"3

16

40.:
" thorium occurrences

41.

42,

43,

44,

‘distribution,

“idiathond drilling in the East Carrizo area,
“Apache County Arizona and San Juan

County, New Mexico: U. S. Atomic Energy

“Commission, Report RME-13, 56 p.

McLemore, V. T., 1983, Uranium and
in New Mexico:
geology, production, and
resources; with selected bibliography: New
Mexico Burean of Mines and Mineral
Resources, Open-file Report OF-182, 950

p., also U.S. Department of Energy Report

"GIBX-11(83).

McLemore, V. T., 2001, Silver and gold
resources in New Mexico: New Mexico
Bureau of Mines and Mineral Resources,
Resource Map 21, 60 p.

Mclemore, V., T. and Chenoweth, W, L.,
1989, Uranium resources in New Mexico:
New Mexico Bureau of Mines and
Minerals Resources, Resource Map 18, 36
P

McLemore, V. T. and Chenoweth, W. L.,
1991, Uranium mines and deposits-in the
Grants district, Cibola- and McKinley
Counties, New ~Mexico: New Mexico
Bureau of Mines and Mineral Resources,
Open File Report 353, 22 p.

McLemore, V. T. and Chenoweth, W. C.,, ..

1997, Geology and uranium-vanadium
deposits
Morrison Formation, King Tutt Mesa area,
San ' Juan County, New Mexico: New

" Mexico Geological® Somety Guldebook 48,

L .p.273-278.

47.

48,

in Geology of the

C. B, Rowe, A., Ulbricht, L., Jackson, M.
J., Breese, M. R., Jones, G., and Wilks, M.,
2002, Database of the uranium mines,
prospects, occurrences, and mills in New
Mexico: New Mexico Bureau of Geology
and Mineral Resources, Open file Report
461, CD-ROM.

Moench, R. H., 1962, Properties and
paragenesis of coffinite from the Woodrow
mine, New Mexico: Am. Mineralogist, v.
47, p. 26-33.

Myers, G., 2006a, Technical report of the
Section 24 portion of the Crownpoint
property, McKinley County, New Mexico:
Technical Report for SEDAR, 71 p.

in the ~Salt Wash Member,

McLemore, V. T.. and Chenoweth W L
.‘2003 "Uranium’ tesources in the San Juan -~ o
_Basm New Mexico;
""Zuni Plateau: New Mexico Geological

,‘.iSocmty, Guidebook 54, p. 165-178. '
- McLemore, V. T., Donahue, K., Krueger,

(@




49.

50.
51,
50,
53.

S 54,

55

56.7

57.

58.

59.

- Skinner,

. American -

Myers,G., 2006b, Technical. report; of..the..
the-;
Crownpoint property,; McKmley County, |

Section .19 and- - 29 portlons “ofEs

New Mexico: Techmcal for

SEDAR, 79 p.

Report

Myers, G., 2006¢, Technical report of the

Hosta Butte property, McKinley County,
New Mexico: Technical
SEDAR, 58 p.

Nash, J. T., 1968, Uranium deposits in the
Jackpile  sandstone, New  Mexico:
Economic Geology, v. 63, no. 7, p. 737-
750.

Nash, J. T., Granger, H. C., and Adams, S.
S., 1981, Geology and concepts of genesis
of important types of uramum deposits; in
B. I (ed) 75t anniversary
volume, 1905-1980: Economic Geology, p.
63-116. : e e o
Odell, R. D., -2002, - Rocky—Mountain
Minerals Scout: October act1v1ty, North

Otton, J. K,

Surgicial uranium deposits: Intérnational

Atomic .Energy. Agency, Vienna, IAEA-.
. TECDOC-322, p. 237-242. v
Pelizza, M. and McCarn D. W, 2002
recovery -
operatnons for the Crownpomt -and Church - _
='1Rock uranium dep051ts, New Mex1co: A';‘ s T

Llcensmg of in situ leach

Llcensmg of ,I “ smi “leach ecovery
operations for the Crownpoint and Church

Rock uranium deposits, New Mexico: A’

case study, part 1 of 2: The Professional
Geologist, vol. , March, p. 5-10.

Pelizza, M. and McCarn, D. W., 2003b,
Licensing of in situ leach recovery
operations for the Crownpoint and Church
Rock uranium deposits, New Mexico: A
case study, part 1 of 2: The Professional
Geologist, vol. , April.

Perkins, B. L., 1979, An overview of the
Mexico uranium industry: New Mexico
Energy and Minerals Dept., Report, 147 p.
Phillips, J. S., 1960, Sandstone-type copper
deposits of the western United States

Report for .

“Utanitf,” ™ -
http://w3.trib. com/~rdode11/rkymtn urscout, .

‘ferms1002.htm, 25 p. ’ -
1984, Surficial uranium -
deposits in the United States of America; in

17

. 60.

61.

62.

63.

~ o (BhiD: dlssertatlon):. Harvard University,

~Cdmbridge, 320 p.

.Rames G. L., Erdman, J. A., McCarthy, J.
H., and Reimer, G. M., 1985, Remotely
sensed limonite anomaly on Lordsburg
Mesa, New. Mex1co Possible implications
for uranium dep051ts Economic Geology,
.v. 80, no. 3, p. 575-590. .

Rawson, R. R., 1981, Uranium in Todilto
Limestone (Jurassic) of New Mexico—
example of a sabkha-like deposit; in
Rautman, C. A., compiler, Geology and
mineral technology of the Grants uranium
region 1979: New Mexico Bureau of Mines
and Mineral Resources, Memoir 38, p. 304-
312,

Sanford, R. F., 1982, Preliminary model of
regional Mesozoic ground water flow and
uranium deposition in the Colorado

 Plateau: Geology, v. 10, p. 348-352.
_Sanford, R. F., 1992, A new model for
. tabular-type - uranium deposits: Economic
Geology, v. 87, p. 2041-2055. .

- Saucier, A. E., 1981, Tertiary oxidation in :_.
‘Westwater  Canyon Member ~ of the
Morrison Formation; in Rautman, C. A.,
compiler, Geology and mineral technology

- of .the Grants_uranium region 1979: New
Mexico Bureau of Mines and Mineral

- Resources, Memoir 38, p. 116-121.

65.

Shawe, D. R., 1956, Significance of roli ore
bodies in - genesis : of - -uranium-vanadium
depos1ts on: the Colorado Plateau; in Page,

1 7Survey, P Professwnal Paper 300, p. 239-241.

67,

68.

69.

6. .Soulé, J. H.; 1956 Reconnaissance of the
. ~itéd;bed”. .copper- deposits in' southeastern
" Colorado-and:New Mexico: U.S. Bureau of

Mines, Information Circular 7740, 74 p.
Talbot, L. W., 1974, Naciemento pit, a .
Triassic strata-bound copper deposit: New
Mexico Geological Society, Guidebook 25,
p. 301-303.

Thamm, J. K., Kovschak, A. A, Jr., and
Adams, S. S., 1981, Geology and
recognition criteria for sandstone uranium
deposits of the Salt Wash type, Colorado
Plateau province—final report: U. 8.
Department of Energy, Report GIBX-
6(81), 133 p.

Turner-Peterson, C. E., 1985, Lacustrine-
humate model for primary uranium ore
deposits, Grants uranium region, New
Mexico:  American  Association  of

E .and. Smith, H. B.,
( ! the,:geolog-y.t-of NOE
aniums: and -:.thonum U.:S:-Geological . .~



http://w3.frib.com/~rdodell/rkymtn'

70.

Petroleum Geologists, Bulletin, v. 69 -10..:
11, p. 1999-2020.

Turner-Peterson, C. E. and Fishman, N..S.,.
1986, Geologic synthesis and genetic

models for uranium mineralization in the
Morrison Formation,
region, New Mexico; .in Turner-Peterson,
C. E., Santos, E. S. and Fishman, N. S.,
eds., A basin analysis case study: The
Morrison Formation, Grants uranium
region, New . Mexico: American

Grants uranium .

18

e ‘*Assomatnon i Ofies
.' +* - Studies 22; p. 357:388. T
=71,

Vine, I. D., Bachman, G. O Read C B,

~ -and Moore, G. W., 1953, Uranium-bearing

-“coal and .carbonaceous shale in the La
- . 'Ventana Mesa area, Sandoval County, New

72.

Mexico: U.S. Geological Survey, Trace
Element Investigations TEI-241, 34 p.
Wenrich, K. J., 1985, Mineralization of
breccia pipes in northern Arizona:
Economic Geology, v. 80, p. 1722-1735.

Petroleum Geologlsts '

TN




REFERENCES -
17-20



McKinley County, New Mexico - Fact Sheet - American FactFinder

U.S. Census Bureau

Page 1 of 2

* FACT SHEET -

McKinley County, New Mexrco

2006 American Communlty Survey
Data Profile Highlights:

NOTE. Although the American Commumty Survey (ACS) produces population, demographic and housing unit estimates,
it is the Census Bureau's Population Estimates Program that produces and disseminates the official estimates of the

2,007 ;.

Percent
(X)

68.9
15
N

157
2.9

418
373
N

X)

Percent
50.0

Social Characteristics - show more >> Estimate
Average household size 344
Average family size - ‘ o ’ 4.29
Population 25 years and over 38,579

High school graduate or higher X)
Bachelor's degree or higher X) -
Civilian veterans (cwlhan populatlon 18 years and
-over) N o
Disability statu populatron 5 years and ‘over) -~ 10,192
Foreign born - '
Male, Now married, except separated (populatlon 10 043
15 years and-over)- - i
Female, Now married, except separated 10 2'62'
(population 15 years and over) ! ”
Speak a language other than English at home N
(population 5 years and over) ’ ) _
Household population.-.... .. o oo 69,791 ... .
Group quarters population (X)
Economic Charaeteristibcs show more >> Estimate
 In labor force (populatlon 16 years and over) L0 24918
Mean travel time-to work'in minutes (workers 16 : P

- years-and-over,

- ~--Median-house
- radjusted:; doll
Median family'in ev(m 006 |nflat|on ad)usted ’

dollars) - » =
Per caplta |n 2006 mflatlon ad]usted T 11io72
dollars) - Lh e
Families below-poverty level~-- -+ o X)
Individuals belo’w poverty level " (X)
Housing Characteristics - show more >> Estimate
Total housing units ' 27,580
Occupied housing units 20,283
Owner-occupied housing units 15,657
Renter-occupied housing units 4,626
Vacant housing units ’ 7,297
Owner-occupied homes 15,657
Median value (dollars) 67,400
Median of selected monthly owner costs
With a mortgage (dollars) 734
Not mortgaged (dollars) 201
ACS Demographic Estimates - show more >> Estimate
Total population 71,875

Male » 33,969

http://factfinder.census.gov/servlet/ ACSSAFFFacts?_event=Search&geo_id=&_geoCont...

216

X)

X)

36.8
44.0

Percent

73.5
77.2
22.8
26.5

X)

(X)
(X)

Percent

47.3

'(X) :

u.s.
2.61
3.20

84.1%
27.0%

10.4%

15.1%
12.5%

52.4%

48.4%

19.7%

)

-U.S.

65.0% .

250
48,451
58,526

25,267

9.8%
13.3%

u.s.

88.4%
67.3%
32.7%
11.6%

185,200

1,402
399

U.s.

49.2%

population for the nation, states, counties, cities and towns and estimates of housing units for states and counties.

Margin of
Error
+/-0.21
+/-0.42

+/-487
(X)

X)

N
+/-1,688
+/-902
+/-1,301

+-1,182
N

+/-226
)

Margin of
Error

+-1699
+/v'2'.:6‘, .

+/-3,708

+-6,279

+-1,043

(X)
)

Margin of
Error
+/-69

+/-1,247
+/-1,234
+-1,112
+/-1,259

+/-1,234
+/-7,144

+/-112
+/-25

Margin of
Error

TxKEK

+/-935

01/15/2008
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Female .
Median age (years)
Under 5 years
18 years and over.
65 years and over

One race
White . .
Black or African American - 784 1.1 12.4% . +/-748
American Indian and Alaska Native . 53,114 73.9 . 0.8% +/-1,149
Asian ' 293 04 4.4% +/-326
Native Hawaiian and Other Pacific Islander, _ ‘ o - 0.0 0.1% +/-279
Some other race i 1,532 2.1 6.3% +/-905
Two or more races : 1,653 22 2.0% +/-1,080
Hispanic or Latino (of any race) N N 14.8% N

Source: U.S. Census Bureau, 2006 American Community Survey

Explanation of Symbols:

‘***' _ The median falls in the lowest interval or upper interval of an open-ended distribution. A statistical test is not appropriate.
***x+ - The estimate is controlled. A statistical test for sampling variability is not appropriate.

‘N’ - Data for this geographic area cannot be displayed because the number of sample cases is too small.

"(X)' - The value is not applicable or not available.

The letters PDF or symbol tk indicate a document is in the Portable Document Format (PDF). To view the file you wnll
need the Adobe® Acrobat® Reader which is avaﬂable for free from the Adobe web site.

\

http://factfinder.census.gov/servle ACSSAFFFacts?_event=Search&geo_id=&_geoCont... 01/15/2008
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Cibola County, New México - Fact Sheet - American FactFinder Page 1 of 2

v FACT SHEET =" - ' » co el

Cibola County, New Mexico
i View a Fact Sheet for a race, ethnic, or ancestry group

" Census 2000 Demographic Profile Highlights: : o T

General Characteristics - show more >> Number Percent U.Ss.
Total population 25,595 map  brief
Male 12,505 48.9 49.1% - map brief
Female 13,090 51.1 50.9% map brief
Median age (years) 33.1 (X) 35.3 map brief
Under 5 years 2,031 7.9 6.8% map
18 years and over 17,750 69.3 74.3%
65 years and over 2,734 10.7 12.4% map  brief
One race 24,767 96.8 97.6%
White ’ 10,138 39.6 75.1% map brief -
Black or African American . 246 1.0 12.3%. map  brief
American Indlan and Alaska Natwe 10,319 40.3 0.9% map brief
Asian 98 0.4 36% map  brief .. -
Native Hawaiian and Other Pacific Islander 14 0.1 0.1% map  brief ... - clorees
Some other race 3,952 15.4 55% map LT
Two or more races - ' , 828 3.2. 24% map. brief T
Hispanic or Latino (of any race) 8,555 334  125% -map brief
Household population ) " 24,529 95.8 97.2% map brief
Group quarters population 1,066 42 ' 28% map :
" ’ Average household size 2.95 X) 259 map brief
Average family size 3.41 X) 3.14 map '
" Total housing units 10,328 : map S o
Occupied housing units . 8,327 80.6 91.0% brief S
Owner-occupied housing units 6,414 77.0 66.2% map s
Renter-occupied housing units 1,913 23.0 -33.8% map brief T
Vacant housing units 2,001 .. 194 . 9.0% . map U S OGN A
- Social Characterlstlcs . show more >> Number‘v : ﬁércﬁ_ept’ o US .;_ R .
. Populatlon 25 years ‘and over 15273 . oo 0T T
U -High school graduate or higher 11,461 75.0- - " 80.4%. "map brief
Bachelor's degree or higher 1,835 12.0 24.4% "map
g\;\glrl)an veterians (civilian popuiation 18 years and 2633 14.9; © 12.7% - miap _ brief .
Disability status (populatnon 5 years and over) 4,817 21.3 19.3% map brief .. -~
Foreign born 583 2.3 11.1% map  brief
Male, Now married, except separated (population 15 4787 525 56.7% brief
years and over)
Female, Now married, except separated (population o .
15 years and over) 4,802 48.4 52.1% brief
Speak a language other than English at home o .
(population 5 years and over) 10,363 43.9 1.7.9 Yo map brief
Economic Characteristics - show more >> Number Percent U.S.
In labor force (population 16 years and over) 9,848 53.0 63.9% brief
g/lnedag J;ar;/el time to work in minutes (workers 16 years 235 X) 255 map brief
Median household income in 1999 (dollars) 27,774 (X) 41,994 map
Median family income in 1999 (dollars) 30,714 X) 50,046 map
Per capita income in 1999 (dollars) 11,731 X) 21,587 map
“ Families below poverty level 1,365 215 9.2% map brief
Individuals below poverty level 6,054 24._8 12.4% map
Housing Characteristics - show more >> Number Percent u.s.

http://factfinder.census.gov/servlet/SAFFFacts? event=Search&geo id=& geoContext=... 01/15/2008
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Cibola County, New Mexico - Fact Sheet - American FactFinder Page 2 of 2

ingle:family owner-occupied omes -
Median value (dollars) 62,600 - ) 119,600 map

#- ... Median of selected.monthly.o (X). (X) : brief ...
-7l Withra-miortgage! (dollars) 654 X) 1,088 map - . -
Not' mortgaged (dollars) 179 X) 295 ‘
(X) Not applicable.. . . e e

Source: U.S. Census Bureau, Summary File 1 (SF 1) and Summary File 3 (SF 3)

f"‘\ .
The letters PDF or symbol f“‘ indicate a document is in the Portable Document Format (PDF). To view the file you will
need the Adobe® Acrobat® Reader, which is available for free from the Adobe web site.

http://factfinder.census.gov/servlet/SAFFFacts?_event=Search&geo_id=&_geoContext=... 01/15/2008


http://factfinder.census.gov/servlet/SAFFFacts

on-Coliform Sample Results ' Page 1 of 2

rmkmg}Water Bureau

Non-Coliform Sample Results

eturn Links

Water System No. : NM3525733 : Federal Type : C

Non.( -]'f Water System Name: SAN MATEOMDWCA ' State Type : C
Non-Colttorm Principal County : . i .
mples Served : CIBOLA ) Primary Source: GW
v Status : ' A . Activity Date : . 06-01-1977
Analyte List A Lab Sample No. : 10500974 Collection Date : 11730-2005
Woater Cucto Less ' T ‘ v orinoMonitor
Water System o palvte] Analyte [Method Less LevelReportingiConcentration TonitoringMonitori
ctail Code | Name | Code | am |pooe Level | - level Period |Period I
- a Indicatod - P S Begin Date{ Date
Water Systems GROSS - V * o -
T |ALPHA, 1 L
. 4000 [EXCL. : 900 - Y I MRL |.1.96 PCI/L 0 -PCI/L | 01-01-2004 | 12-31-20( .-~ - ..x.
Water System | 7 [RADON & : o ' R I ' Lo
’Jlx,h ‘ U
h - ' GROSS
&‘.m Map ALPHA, . . T ; :
4000 |EXCL. 900 Y MRL | 1.96 PCI/L 0 PCI/L 01-01-2004 | 12-31-20(
: RADON & : ‘ o
lossary U
o COMBINED, . -
|- 4010 RADIUM (- null ;|- Y | MRL|136PCI/L| - 0 PCIL .
- p26&-228)| | : T
[ ICOMBINED| .. .:|. - ..
) ; s 4010 ¢ RADIUM(- Cnull s Y. 0 PCI/L—“ B
‘ 2268 -228)| o v ol 0 : -
4020 %QL_IUM' 29031, | Y. |MRL 0,17 PCI/L» 01-01-2004 | 12-31-20¢
4020 gAngIUM' 9031 | Y |MRL|136PCUE| “0.17 PCIL | 01-01-2004 | 12-31-20(
4030 2R;§DIUM- 904.0 Y MRL | 0.81 PCI/L 0 PCI/L 01-01-2004 | 12-31-20(
4030 2R;§DIUM— 904.0 Y MRL | 0.81 PCI/L. 0 PCI/'L 01-01-2004 | 12-31-20(
GROSS
4100 BETA 900 N MRL | 1.8 PCI/L 1.90 PCI/L 01-01-2004 | 12-31-20(
PARTICLE : '
ACTIVITY
GROSS
4100 BETA 900 N MRL | 1.8 PCI/L 1.90 PCI/L 01-01-2004 | 12-31-20(
IPARTICLE ’ ’ : D e
ACTIVITY

Total Number of Records Fetched = 10

tp://eidea.state.nm.us/SDWIS/JSP/N onTerSampleResults.jsp?sample_number=10500974&colle...  1/15/2008
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Drmklng :Water Bureau

Non-Coliform Sample Results

| Return Links

Water System No. : NM3525733 Federal Type : C
P Water System Name : SAN MATEO MDWCA State Type : C
Non-Coliform Principal County - IBOLA Pri s . GW
Samples Served : ¢ rimary Source :
Status : A Activity Date : 06-01-1977
Analvte List Lab Sample No. : RC200100576 Collection Date :  09-18-2001
Water Svstem X . f Less - .. _[MonitoringMonitorin,
_ Water System |4 patyte| Analyte Methodl Less LevelReportmgl(;oncentrahon onitoringivonitorin;
Detail ' Code | Name | Code | than Type| Level level _ Period  Period En¢
S A | 777 [Indicator] - |Begin Date| - Date -
. Waler Systems ™ | 4020 2R“‘2})DIUM' mll | N 0.02PCI/L| 21 PCIL R
© Wiiter System’ | 4020 PAPTOMY i | 002PCIL| 21 PCIL

Search

County Map.

Glossary

P - . - v . ) e .
- : .3
:Z . L e
- L TR DR A

http://eidea.state.nm.us/SDWIS/JSP/NonTcrSampleResults.jsp?sample number=RC200100576&...  1/15/2008
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rinking Water Bureau

Non-Cohform Sample Results

Return Links

Water -SystemNo. : NM3525733 P Federal Type: - C

o . Water System Namé SAN MATEO MDWCA s State Type : ' C o
Non-Coliform Samples Prmmpal Cour" ' CIBOLA - Primary Source : - GW . e
Status: . A - j‘ ‘ Activity Date : 06-01-1977" ©
Analvte List Lab Sample No ‘ 8291DWI Collection Date : - 11-30-2005
Water System Detail Analyte] Analyte | Method |Less than| Level [ReportingConcentration ;\/ ](fmt(_)rm.g l\)lm'mo_n_ﬁmg .
) Code | Name - | i Code |Indicator|: Type Level level Period Begin |F en_od;hnd MCL
Water Systems i ) i : o » Date Date g
COMBINED|. ; 30
4006 URANIUM | | 200.8 Y . MRL  0.001 MG/L ~ null 01-01-200?4‘ 12-31-2007 UG/L

Water System Search (
County Map

Glossary

Total NumberofRecords Fetched = 1

http://eidea.state.nm. us/SDWIS/JSP/NonTchampleResults JspVSample number—8291DW1&collect10n date 11 -30- 2005&tmwsys 1/ 15/2008
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Non-Coliform Sample Results

- | A_Drin&kin‘g Wa&er Bur eain

| N_Qn-CQl_i._fo,rm_\_S.a_mpl_e__ Results

Return Links —
Retu Link Water System No. : NM3525733 Federal Type : C
, Y . Water System Name : SAN MATEO MDWCA State Type : C
Non-Coliform Samples Principal County Served : CIBOLA Primary Source : GW
Status: - . . . A S Activity Date : 06-01-1977
Analyte List Lab Sample:No:-:. - HM963196 Collection Date : 11-19-1996
Tater Svetem Detai 1 = S B - _ _ ] o . PP torine
Water System Detail Analyte; Analyte-:| Method |Less than| Level |Reporting/Concentration EWonmtoll in2 I,\)/lor.utm;m,;
Code | :Nameé“3 . Code |Indicator| Type Level level Period Begin Period EndMCL
Water Systems ' SRS | S ) i Date Date
o _ 1005 |ARSENIC 1| . null Y% MRL  |0.001 MG/L null &'g}L
Water System Search —e : o
1010 - \BARIUM. - full Y: MRL 0.1 MG/L null
. e C . . IMG/L
County Map T R - ~ 0.005
1015 I€CADMIUM. Sl Y MRL 0.001 MG/L null 1%
N i | MG/L
Glossary 1020 |CHROMIUM: | null % MRL  [0.001MG/L| null L
1035 MERCURY [ ' riull Y MRL 00005 MG/  null N N
PSR X U Tt 0.0
1036 ?N[CK.EI'T,‘ i3 “null Y MRL [ 0.01 MG/L null MGIL
1045 [SELENIUM | - null Y MRL {0.005 MG/L “null vt
ANTIMONY,: 0.006
1074 TOTAL | © nu,ll. Y MRL 0.001 MG/L null MG/L
BERYLLIUM ) ,
1075 TOTAL = 1| ngll Y MRL , ‘0.001. MG/L null
1ogs [THALLIUM, .\ o ) Y MRL |0.000 MGL|  nul

[TOTAL ’i,;}

oL

0

http:giea.state.nm.us/ SDWIS/JSP/NonTcrSampleResults. ] sp?sam& number=HM963196&collection_date=11-19-1 996&tinwsy.1/ 15/2008
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Water Bureau

Non-Coliform Sample Results
Return Links — —
: Water System No. : NM3525733 IR Federal Type : c
L . Water System-Name : SAN MATEO MDWCA . _ State Type : C
Non-Colitorm Samples Principal County Served : CIBOLA L Primary Source : GW i
: Status : A S Activity Date : 06-01-1977 :
Analyte List Lab Sample No. :. HM 199802280 Collection Date : 11-17-1998-. .
Water System Detail Analyte] - Analvte:~|-Method |Less than] Level |Reporting|Concentration i\ Iemto; g t)llo.x.nl'o; ng .
Code |  Name |. Code [Indicator ‘Fype Level fevel Per 10 d Begin [e',wd EndMCL
Water Systems B ) D ' o ' Date Date i
S o 1005 |ARSENIC [ 2008 Y MRL |0:000MGL| & - nuti- o |00
Water System Search S EL— : : :
1010 [BARIUM | N 01MG/L |~ 4 MG/L
County Map N _ 1 )
1015 CADM‘IUM‘ Y ‘ MRL 0.001 MG/L null
Glossary 1020 |CHROMIUM J: 200.8 Y MRL  [0.001 MG/L null
1035 [MERCURY 245.1 Y MRL  [0.0002 MG/L null
1036 [NICKEL | 200.8 Y 'MRL [ 0.01 MG/L null
1045 [SELENIUM | 200.9 Y MRL 0.005 MG/L nul_l
IANTIMONY, . ‘
1074 TOTAL § 200.8 Y Ml‘:{L- 0.0Ql MG/L _ nuli
BERYLLIUM, g )
1075 TOTAL : 200.8 Y MRL “0.001 MG/L null
THALLIUM, |- . .
1085 |oTar . | 2008 Y MRL |0.001 MG/L null

!

http://eidea.state.nm.us/SDWIS/JISP/N opTﬁ:.?SlargpléRgsults.j sp?sample_numbe#HM 199802280&collection_date=11-17-1 998&tiri..-. o1 5[2008



http://eidea.state.nm.us/SDWIS/JSP/NonTcrSampleResuUs.jsp?sample_number-HMr99802280&collection_date=ll-17-1998�&tin

Non-Coliform Sample Results S : Page 1 of 2

S
i:

Dﬁm(ing Water Bureau

,!‘ Non Coliform Sample Results

ni

Return Links

Water System No - NM3525733 Federal Type: C ;
, o . Water System Name : SAN MATEO MDWCA State Type : - C .
Non-Coliform Samples Principal County Served : CIBOLA : ) Primary Source : Gw
Status : i A . e _ Activity Date : 06-01- 1977
Analyte List Lab Sample No HM200102180 | Collection Date : 09-18-2001 |
Vater System Detai % ‘if.‘.- . : . T . | Monitoring |V ¥ :
Water Sy stem Detail Analyte[ . Analyte Method Less than[ Level |Reporting/Concentration i\ lf)‘mlo_rm? j)mmm”“(' .

. Code Name: | ( )de Indicator| Type Level level Period Begin [Period End MCL
Water Systems ’ *: 1| ' e Date . Daté -
o o 1005 |ARSENIC® | . null Y MRL  |0.001 MG/L null : IR i
Water System Search — £ — )

1010 [BARIUM - -+ - null N 0.1 MG/L 4 MG/L
. ' . . MG/L
County Map ) — 0.005
1015 |CADMIUM | null Y MRL 0.001 MG/L null ;
1. ; MG/L
Glossary 1020 [CHROMIUM |- null N 0.001 MG/L| 002 MG/L 1
R A ; MG/L
1035 [MERCURY .| . null Y MRL .[0.0002 MG/L null e 10.002
A ) MG/L
IEERENEEE ';v.'T:'{; ,Q - ] R | 1. R ,; ‘ O 1
1036 |NICKEL- " “f. pull Y MRL 0.01 MG/L null : MG/L
1045 [SELENIUM | null Y MRL  |0.005 MG/L null. 1\04‘81
ANTIMONY | 0.006
1074 TOTAL null Y MRL 0.001 MG/L null MG/L
BERYLLIUM, : 0.004
1075 TOTAL pull Y MRL 0.001 MG/L nuil MG/L
THALLIUM, ! : 0.002
1085 TOTAL ; null Y MRL 0.001 MG/L null MG/L

* http://f0ea.state.nm.us/SDWIS/ISP/N onTchampl'eResuIts. jsp?sampg_‘lumbeFHMZOO 102180&collection_date=09-18-2001&tin. ‘1 /1 5/2008


http://Sf5ea.state.mTi.us/SD

rinking Water Bureau

. Non-Coliform Sample Results

Return Links e : - ' —_— 0
Retur Water System: No. : NM3525733 - .~ . . . . Federal Type: c ... B
e . ) Water System Name : SAN MATEO MDWCA State Type : c . :
Non-Coliform Samples Principal County Served CIBOLA o Primary Source:  GW
Status: A a Co Activity Date : 06-01-1977
Analyte List Lab Sample No. : HM200300038 - ‘ Collection Date : 01-22-2003
Water Sy stem qu Analyte] Analvte | Method |Less than| Level [Reporting/Concentration .J,/h).mm‘l mg I )101‘1_1101:1 ng
Code | Name |- Gode [Indicator Type Level level Period Begin Period EndMCL
Water Systems T R R | ‘ L e Date Date
o o 1005 |ARSENIC [' 2008 Y MRL  |0.001 MG/L MG/L 01-01-2002 | 12-31-2004 ,&g}L
Water System Search :' . — >
_ : 1010 [BARIUM i +[i:200.8 ‘N “MRL | 0.1 MG/L 0.4 MG/L 01-01-2002 | 12-31-2004 |
- County Map ' ' T — ) ' 0.005
1015 [CADMIUM ‘1 200.8 Y MRL  {0.001 MG/L MG/L 01-01-2002 | 12-31-2004 |\~
Glossary 1020 [CHROMIUM:[: 200.8. Y. MRL . [0.001 MG/L MG/L 01-01-2002 | 12-31-2004 l\/(l)C}/L
1035 [MERCURY {1 2008 v MRL - [0.0002 MG/L| null 01-01-2002 | 12-31-2004 &()G()i
1036 .NICKEL» Lol 2008 Y. |-MRL [boiMGL|  null 01-01-2002 | 12-3122004 N?S/L
1045 [SELENIUM, | 2008 Y- MRL [0.005MG/L{ . null 01-01-2002 | '12-31-2004 1312.%
ANTIMONY SN , : ' 0,006
1074 Foqpap vr o i 2008 | Y MRL  |0.001 MG/L MG/L 01-01-2002 | 12-31-2004 | iy
BERYLL]UM ¥ T ‘ ' b ] 10004
1075 |roTar - | 2008 Y MRL  0.001 MG/L MG/L 01-01-2002 | 12-31-2004 |\,
THALLIUM, DS A ' .ot 100002
1085 |omral . j 200.8 Y MRL {0.001 MG/L MG/L 01-01-2002 | "12-31:2004 | Loy

http://eidea.state.nm.us/SDWIS/JSP/N oﬁTérSémpl_gResults.j sp?sample_number=HM2003 00038&collection_date=01-22-2003&tin... 1/1 5f(2008


http://eidea.state.mn.us/SDWIS/JSP/NohTcrSampleResuhs.jsp?sample_number=HM200300038&collection_date=01-22-2003&tin...-/

Non-Coliform Sample Results

rinking Water Bureau

. Non-Coliform Sample Results

Return Links et - , —
Water System No. :. - NM3525733 - .Federal Type: c .. i
o . Water System:Name : SAN MATEO MDWCA State Type : c . ”‘
Non-Coliform Samples Principal County Served : CIBOLA ~ Primary Source : GW
Status : - : A _ Activity Date : -06-01-1977
Analvte List Lab Sample No. : HM200300038 Collection Date : 01-22-2003
Water Syste : : . : . . . Monitoring [Monitoring
Water System Detail Analyte] Analyte | Method |Less than| Level |Reporting{Concentration ;10(11 oring ' f ‘{mmﬁ' .

. Code Name Code [Indicator] Type Level level Pa i d Begin Period EndiMCL
Water Systems A ' i ' Date Date
o 1005 |ARSENIC 200.8 % MRL  |0.001 MG/L null 01-01-2002 | 12-31-2004 l&g}L
Water Svstem Search , >

' 1010 [BARIUM 200.8 N 0.1 MG/L 4 MGIL 01-01-2002 | 12-31-2004 |\

County Map 0.005
1015 |CADMIUM: |- null Y MRL  |0.001 MG/L null 01-01-2002 | 12-31-2004 | "~

Glossary ’ 1020 CHROMIUfM'- " .200.8 Y MRL  [0.001 MG/L null 01-01-2002 | 12-31-2004 N(I’G‘/L
1035 |MERCURY.-{;.245.1. | Y MRL  [0.0002 MG/L null 01012002 | 12-31-2004 |02

1036 [NICKEL ‘ {72008 Y: MRL | 0.01 MG/L null 01012002 | 12:31-2004 | o)

1045 [SELENIUM | 200.9 Y MRL  |0.005 MG/L null 01012002 | 12312004 | %00

ANTIMONY, | - 0:006

1074 FrotaL: ¢ | 2008 Y MRL  |0.001 MG/L null 01-01-2002 | 12-31-2004 |\

BERYLLIUM, g 0.004

1075 L oTaL . 200.8 Y MRL  |0.001 MG/L null 01-01-2002 | 12-31:2004 | o)

THALLIUM, Sang |0-002

1085 |rral 200.8 Y MRL  |0.001 MG/L null 01-01-2002 | 12-31-2004 | o

http://e%aa.state.nm.us/ SDWIS/JSP/N onTchampléResults. ] sp?samp!_mmber=HM20030003 8&collection_date=01 -22—2003&tin..‘ / 1 5/2008


http://Sroea.state.nm.us/SDWIS/JSP/NonTcrSampleResults.jsp?sampl5iumber=HM200300038&collection_date=01-22-2003&tin..!%5e/,15/2008

o . . ' :
" Drinking Water Bureau
Non-Coliform Sample Results
Return Links —
et Water System No. : NM3525733 ' Federal Type : C
o Water System Name : SAN MATEO MDWCA . State Type : C
Non-Coliform Samples Principal County Served : CIBOLA Primary Source : GW
- Status: - iiiee e A S Activity Date : 06-01-1977 .
Analyte List Lab Sample No. : .. HM200302138 Collection Date : 10-08-2003 |
Water System Detail Analvte] A Less than| Level Reporting|Concentration 1\/ h?mm.“ng 1‘:101‘111'91;“1;; S
Code Indicator] Tvpe | Level level Period Begin |Period EndMCL
Water Systems R ‘ i sl ' ' ' Date _Date., | -
o ‘ 1005 |ARSENI Y. MRL [0.001 MG/L|  MG/L | L &g}L
Water System Search T - : , ( A
1010 |BARIUM. Y. MRL 0.1 MG/L null ,
" . . FRES . - . - ) . MG/L
County Map R . ' 0.005
1015 |[CADMIUM, Y MRL - 10.001 MG/L . MG/L s
-ADMIUM. T | , MG/L
Glossary | 1020 [CHROMIUM [{: 2008 Y MRL |0.001 MGL| MG/ o
1035 |MERCURY- [{ 200.8 Y MRL  [0.0002MG/A|  null 1(\)/100%
A e T ' . T 0.1
10364 NI,CEEL‘. 209.? Y MRL :-0.01 MG/L null ey MG/L
1045 [SELENIUM: |* 200.8 Y MRL 0005 MG/L null ' B 1318%
ANTIMONY, | _ i T [ = [0:006
1074 HOTAL ;" |, 200.8 N MRL O.OOIVMG/L ' 0.0.02 MG/L A % MG/L
BERYLLIUM];" ' P | . , -~ |0idoa
1075 LAl oy | 2008 Y MRL 0.001 MG/L MGIL o
THALLIUM, . |:. . : : ' 101002
1085 TOTAL . i 200.8 Y MRL ‘0.001 MG/L MG/L : MG/L

http://eidea.state.nm.us/SDWIS/JSP/N onTchampﬁlvéy_l:{e,s_ult's.j sp?sample _number=HM200302138&collection_date=10-08-2003&tin...  1/15/2008


http://eidea.state.nm.us/SDWIS/JSP/NonTcrSampleRe,sults.jsp?sample_number=HM200302138&collection_date=10-08-2003&tin

Non-Coliform Sample Results

Return Links
Non-Coliform Samples

Analyte List

rmking Water Bureau

Non-Coliform Sample Results

Water System Detail

Water Systems

Water System Search

County Map

Glossary

o

Water System No. : NM3525733 Federal Type : C
Water System Name : SAN MATEO MDWCA State Type : C
Principal County Served: CIBOLA Primary Source : GwW
Status : . o A : Activity Date : 06-01-1977
Lab Sample No.: 0607731-0002A. Collection Date : 07-31-2006 .
- ot ':.“ ) i E )
R . : ’ : c . | Monitoring Monitoring}-'
Analyte[. Analyte |[Method [Less than] Level |[Reporting|Concentration|. i onitoring >t b T R
A ER s St Eaisg . e C e Period Begin [Period End/MCL
Code Namei Code |Indicator] Type Level level " D b ,
; I o ¥ Date . Date
1005 ARSENIC 209.8 Y: MRL 0.001 MG/L MGIL
1010 [BARIUM "':"200.8 N: MRL  [0.0025 MG/Lj 0.426 MG/L i\/izG/L
1015 |[CADMIUM. | 20038 Y MRL  [0.0005 MG/L o [0.005
) S |MGL
: ;: A0l
1020 CHRPOMIUVM . 200.8 Y MRL 0.001 MG/L MGIL
. ; ) 0.002
1035 |MERCURY - 245.1 Y MRL 0.2 UG/L MG/L
: : : . 0.1
1036 [NICKEL ) ,200'8 Y MRL .[0.0005 MG/L MG/L
1045 |SELENIUM |= 200.8 Y MRL  10.005 MG/L ! 13[8%
NTIMONY, |7, _ i 0.006
1074 OTAL ; 200.8 Y MRL 0:005 MG/L MG/L
BERYLLIUM] 0.004
1075 TOTAL 200.8 Y MRL  [0.0005 MG/LJ MG/L
THALLIUM, - 0.002
1085 TOTAL 200.8 Y MRL  {0.0005 MG/L MG/L

nttp://€idea.state.nm.us/SDWIS/JSP/NonTcrSampleResults.j sp?samp!number=060773 1-0002A&collection_date=07-31-2006&ti. '1 /15/2008




n-Coliform Samples

eturn Links
Analyte List

Water System
etail

Water Systems

. Water System
sarch

County Map

T

Page_l of 2

‘Drinking Water Bureau

Non-Coliform Samples

Principal County
Served :
Status :

Water System No. :
Water System Name :SAN MATEO MDWCA

NM3525733

CIBOLA

A

Federal Type
State Type :
Primary
Source :
Activity Date

: C
C
GW
1 06-01-1977

. .This list displays Non-Coliform Samples for the last 2 years by default. If you

need to search for a specific date range, use the following date fields (you can
.also pick a date from the pop-up calendar next to the field) and click on Search.

Labéample 'I'}v'pe(‘lo)ii:e“gn. Samgﬂing 1 Samplg - Laboratory
No. ; . Point ~ Location
) Time " B
0607731 07-31- DISTRIBUTION ANALYTICAL
J1- .
00024 | RT| 2006 SP2573300017 "gyerpM — |LABORATORIES
A 11:10:00 N N TS
L i@ea |0 1008 |0 v ot s | W SCIENTIFIC
-~ HM200302138'RT |- 2003 --|SP257330011-~ WELL #1-" - BABORATORY |- =+ & s
LR e null fe i Mw w s 2o ol DIVISION: - |
D 01-22- . I 72 = o | SCIENTIFIC
HM200300038 RT | 2003 |SP257330021|-= WEELL #2: ' LABORATORY |
01-22- | SCIENTIFIC
HM200300038/ RT | 2003 [SP257330021] WELL#2 |LABORATORY
null DIVISION
09-18- | SCIENTIFIC
HM200102180| RT | 2001 [SP257330021] WELL#2 | LABORATORY
10:16:00 - DIVISION
11-17- | . - SCIENTIFIC
HM199802280] RT | 1998 [SP257330021] WELL#2 | LABORATORY
14:16:00 | DIVISION
11-19- SCIENTIFIC
HMO963196 |RT | 1996 [SP257330021] WELL#2 |LABORATORY
]12:25:00 DIVISION

Total Number of Records Fetched =7

ttp://eidea.state.nm.us/SDWIS/JSP/NonTcrSamples.jsp?tinwsys_is_number=1420&tinwsys_st_c... 1/15/2008




Water System Details

Links

(

Page 1 of 2

Watér System Details

Drinking Water Bureau =

Water System Facilities
¢S Water System No. NM3525733 $eder_a| C
: 3 ype :
Water System .
Sample Schedules Name : ‘ SAN MATEO MDWCA State Type : C
’ Principal County ' Primary
Coliform Sample Served : CIBOLA Source : GW
Results ' Activity
N Status : A Date : | 06-01-1977
- Coliform Sample
“Summary Results Points of Contact
I»ad And Copper — - -
Sample Summary Name Job Title [Type| Phone Pg%driszsg Email
PPN T 7. OX >
kel ORTEGA, LLOYD null Ac | 9287 MILAN, At
Non-Cal NM-87021
Non-Coliform PO Box 3228
oy 505-287- ’ Not
Samples/Results GRIEGO, ALEX OP MILAN, .
i.. 8277 NM-87051 Available
Non-Col iform ' : ‘
Samples/Results by Annual Operating Periods & ~ Service
vte ' Population Served Connections
.. ;ﬁ?géfigi‘{g?‘sf’"‘fi‘*fO"“‘““‘”‘ Start [Starf]_ End [EndPopulationPopulation] [ type | Count
S Month|Day Month|Day] Type Served CB <0
- R 1 ‘ ' ==
Sité Visits ! 1 12_| 31 A2 =
e tane Sources of Water Service Areas
Milestones -
Return Links - Name g‘ége Status Code Name
el WELL# | WL]| I r | RESIDENTIAL
Water Systems WELL 2 W] A | AREA
Water System Search |
\ Water Purchases
“~unty Map
-7 Seller Buyer
Gl Water | Water System \‘?Ve;::'; Purchase Fsatec‘iil?try Seller State FBa((J:!i,I?tI;/ - State .
slossary System Name Date Asgn ID No. Asgn ID
No. Type Type Type | "o

http://eidea.state.nm.us/SDWIS/JSP/WaterSystemDetail jsp?tinwsys_is_number=1420&tinwsys_s...  1/15/2008


http://eidea.state.nm.us/SDWIS/JSP/WaterSystemDetail.jsp?tinwsys_is_number=1420&tinwsys_s
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Grants city, New Mexico - Fact Sheet - American FactFinder Page 1 of 2

- FACT SHEET

Grants city, New Mexico
) ) View a Fact Sheet for a race, ethnic, or ancestry group

Census 2000 Demographic Profile Highlights: e e s

General Characteristics - show more >> Number Percent u.s.
Total population 8,806 map  brief
Male 4,053 46.0 491% map brief
Female ' 4,753 54.0 50.9% map brief -
Median age (years) . 34.4 x) - 35.3 map brief
Under 5 years - 715 8.1 6.8% map
18 years and over 6,270 71.2 74.3%
65 years and over ‘ 1,085 12.3 124% map brief
One race _ 8,420 95.6 97.6%
White ‘ 4,947 56.2 75.1% map brief
Black or African American 143 1.6 . 12.3% map brief
American indian and Alaska Native 1,054 12.0 0.9% map brief
Asian 81 0.9 3.6% map brief
Native Hawaiian and Other Pacific Islander 11 0.1 01% map briet - .o
" Some other race : 2,184 248 55% map - e
Two or more races 386 4.4 24% map brief B T
Hispanic or Latino (of any race) 4,611 52.4 12.5% map brief - Cnnl e
Household population ' 8,353 94.9 97.2% map brief
’ Group quarters population 453 5.1 2.8% map
" Average household size : 2.61 ) 259 map brief
Average tamily size : 3.06 {X) 3.14 map
Total housing units 3,626 ' map
Occupied housing units 3,202 88.3 91.0% brietf
Owner-occupied housing units 2,145 67.0 66.2% map -
Renter-occupied housing units 1,057 33.0 33.8% map brief
‘Vacant housing units 424 11.7 9.0% map -. -
Social Characteristics - show more >> Number Percent = " U.S. .
Population 25 years and over ‘ 5,356 s
High schoo! graduate or higher 4,119 76.9 80.4% map brief
Bachelor's degree or higher 718 - 134 ~ 244% map
| (())\;\gll)an \ieterans (civilian population 18 years and 970 - 155 127% map brief
Disability status (population 5 years and over) 1,362 17.7 19.3% map  brief - ez iees
Foreign born 383 4.4 11.1% map brief e

Male, Now married, except separated (population 15

years and over) 1,728 59.3 56.7% brief
Female, Now married, except separated (population o .
15 years and over) 1,832 49.0 52.1% brief
Speak a language other than English at home o .
(population 5 years and over) 3,107 38.4 17.9% map brief
Economic Characteristics - show more >> Number Percent u.s.
In labor force (population 16 years and over) 3,801 58.3 63.9% brief
g/lr:adag \f{r:;/el time to work in minutes (workers 16 years 17.1 X) 255 map brief
Median household income in 1999 (doliars) 30,652 (X) 41,994 map
Median family income in 1999 (dollars) 33,464 (X) 50,046 map
Per capita income in 1999 (dollars}) . 14,053 ) 21,587 map
‘. Families below poverty level . 446 19.4 9.2% map brief
Individuals below poverty level 1,810 219 124% map
Housing Characteristics - show more >> ~ Number Percent u.s.

htfp://factfinder.census. gov/servlet/SAFFFacts?_event=Search&geo_id=16000US354862... 01/15/2008


http://factfinder.census.gOv/servlet/SAFFFacts?_event=Search&geo_id=

Milan village, New Mexico - Fact Sheet - American FactFinder Page 1 of 2

U.S. Census Bureau“ff

FACT SHEET

Milan village, New Mexico .
‘View a Fact Sheet for a race, ethnic, or ancestry group

Census 2000 Demographic Profile Highlights:

General Characteristics - show more >> Number Percent U.s.

Total population 1,891 : map  brief
Male _ 941 49.8 491% map  brief
Female : 950 50.2 50.9% map brief

Median age (years) 29.8 Xy 35.3 map brief

Under 5 years 163 8.6 6.8% map

18 years and over 1,274 67.4 74.3%

65 years and over . 194 10.3 12.4% map  brief

One race : i 1,800 95.2 97.6% . :
White . 965 51.0 75.1% map  brief
Black or African American 25 1.3 12.3% map  brief
American Indian and Alaska Native - . 264 140 - 09% map brief
Asian : e 0 -.. 0.0 3.6% map brief
Native Hawaiian and Other Pacific Islander i 0 00 - 7 0:1% ~map brief
Some other race 2 “io. 546 -28:9: - - -55% map

Two or more races : - 91 .48~ :24% map Dbrief

-Hispanic or Latino (of any race) = - : ‘ 989 -~ 523-.412.5%  -~map brief - -

Household population ’ 1,891 100.0 97.2% map brief

Group quarters population 0 0.0 2.8% map .

" Average household size 281 C(X) 259 map brief

Average family size C e - . 333 X) - 314 map

Total housing units - 806 .- - map
Occupied housing units ' 673 83.5. 91.0% brief

Owner-occupied housing units 498 . 74.0 . 66.2% map
Renter-occupied housing units : 175 26.0. : 33.8% map brief
Vacant housing units e S . - 133 165-. -.9.0% map

. .Social Characteristics - show more 5537 "~ *Number -
Population 25 years and over. .= - o = =1,081 "o

map brief

High school graduate or highér : 712
Bachelor's degree or higher - . g R 58 . . map
c?\l/\glrl)an veterans (civilian popuIa’uon 18 years and , . 1 56 . e map  brief
Disability status (population 5 years and over) T SR 471 S map  brief
Foreign born ' 40 map  brief
Male, Now married, except separated (population 15 .
years and over) 321 brief
Female, Now married, except separated (population .
15 years and over) 349 brief
Speak a language other than English at home o .
(population 5 years and over) 643 87.7 17.9% map  brief
Economic Characteristics - show more >> Number Percent U.s.
in labor force (population 16 years and over) 761 58.6 63.9% brief
- gﬂnedag J;a:;/el time to work in minutes (workers 16 years 29 4 X) 255 map brief
Median household income in 1999 (dollars) 24,635 X) 41,994 map
Median family income in 1999 (dollars) 26,776 X) 50,046 map
Per capita income in 1999 (dollars) 10,463 ) 21,687 map .
‘D Families below povenrty level : 103 21.9 9.2% map brief
Individuals below poverty level 538 28.2 12.4% map
Housing Characteristics - show more >> Number Percent u.s.

http://factfinder.census.gov/servlet/SAFFFacts?_event=Search&geo_id=&_geoContext=... 01/15/2008


http://factfinder.census.gov/servlet/SAFFFacts?_event=Search&geo_id=&_geoContext=

GRANTS AIRPORT NEW MEXICO - Climate Summary : R T Page 1 of 1

GRANTS AIRPORT, NEW MEXICO
(293682) S

Period of Record Monthly Climate Summar Rt

To prmt data frame (right side), click on right
frame bet‘ore prmtmg ‘

1971 - 2000 Period of Record : 5/ 1/]953 to 6/30/2007

s Daily Temp. & Precip. Jan “Feb Mar Apr- May Jun, “Jul - Aug Sep Oct Nov Dec Annual
o Daily Tabular data (~23 KB) Average Max. TN

« Monthly Tabular data (~1 KB) Tee grat ax-F) 46.4 51.5 584 67.5 76.5 86,5'88.4 85.1 79.8 694 564 473 67.8
« NCDC 1971-2000 Normals (~3 mperature ( o T

{“:"“age Min. 14.5 18.7 24.0 303 39.0 47.6 55.1 53.1 44.6 32.8 22.1 144 33.
emperature (F) o - ==

Average Total
Precipitation (in.)

Average Total — — » ¢ 55 17 040000 00 00 00 04 10 41 123
SnowkFall (in.) . —

Average Snow
Depth (in.) .
Percent of possible observations for period of record. |
Max. Temp.: 96.2% Min. Temp 96.3% Precrprtatro‘ 96
91.7% , . i
Check Station Metadata or Metadata graphlcs for re deta11 about data completeness

KB)

0.50- 0.44 0.55 0.47 0.53 0.56 1.71 2.03 1.31 1.11 0.58 0.63 10.40

1961 - 1990

e Daily Temp. & Precip.

e Daily Tabular data